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ACRONYMS AND ABBREVIATIONS

To ensure a more reader-friendly document, the U.S. Department of Energy (DOE) limited the use of
acronyms and abbreviations in this environmental impact statement. In addition, acronyms and
abbreviations are defined the first time they are used. The most common acronyms and abbreviations
used in the text of this document are listed below.

CFR Code of Federal Regulations

DOE U.S. Department of Energy (also called the Department)

EIS environmental impact statement

EPA U.S. Environmental Protection Agency

FR Federal Register

LCF latent cancer fatality

MTHM metric tons of heavy metal

NEPA National Environmental Policy Act, as amended

NRC U.S. Nuclear Regulatory Commission

NWPA Nuclear Waste Policy Act, as amended

PM,, particulate matter with an aerodynamic diameter of 10 micrometers or less
PM, particulate matter with an aerodynamic diameter of 2.5 micrometers or less
REMI Regional Economic Models, Inc.

RMEI reasonably maximally exposed individual

Stat. United States Statutes

TSPA Total System Performance Assessment

U.S.C. United States Code

UNDERSTANDING SCIENTIFIC NOTATION

DOE has used scientific notation in this EIS to express numbers that are so large or so small that they can
be difficult to read or write. Scientific notation is based on the use of positive and negative powers of 10.
The number written in scientific notation is expressed as the product of a number between 1 and 10 and a
positive or negative power of 10. Examples include the following:

Positive Powers of 10 Negative Powers of 10
10'=10x1=10 10'=1/10=0.1

102=10x 10=100 102 =1/100 = 0.01

and so on, therefore, and so on, therefore,

10% = 1,000,000 (or 1 million) 106 =0.000001 (or 1 in 1 million)

Probability is expressed as a number between 0 and 1 (0 to 100 percent likelihood of the occurrence of an
event). The notation 3 X 10 can be read 0.000003, which means that there are three chances in
1,000,000 that the associated result (for example, a fatal cancer) will occur in the period covered by the
analysis.
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Comment-Response Document

7. REPOSITORY DESIGN, PERFORMANCE, AND
AFFECTED ENVIRONMENT

7 (897)

Comment - 010135 /0001

Page 2-15, first paragraph, nowhere have I seen any reports on the success rate of encapsulation of high-level waste.
Is this still in development? And if so, what happens to the plan if the process is found to be defective?

Response
Vitrification, rather than encapsulation, is the process that DOE plans to use for long-term storage of high-level

radioactive waste. The vitrification process solidifies and immobilizes high-level radioactive waste into a
borosilicate glass or ceramic form inside stainless-steel canisters. Although vitrification poses technical challenges,
DOE has used it successfully for several years at the Savannah River Site in South Carolina and the West Valley
Demonstration Project in New York (see Section A.2.3 of the EIS). It is a viable process for immobilizing high-
level radioactive waste. The more than 1,000 canisters of high-quality borosilicate glass produced to date at the
high-level radioactive waste vitrification facilities at the West Valley Demonstration Project in New York and the
Defense Waste Processing Facility at the Savannah River Site in South Carolina are evidence of the vitrification
process as a proven technology.

7 (899)

Comment - 010135 /0003

Implementing a fuel blending procedure will be very difficult near the end of the program when there are fewer
waste packages to blend.

Response
The fuel blending process takes into account the remaining commercial spent nuclear fuel that would need to be

blended. DOE has performed studies to determine the overall feasibility of fuel blending and to estimate the type
and size of facilities that would be needed to implement the process (DIRS 153849-DOE 2001, Section 2.2.1).

7 (900)

Comment - 010135 /0004

Page 2-22, DOE makes the statement that 70 percent of the heat generated by the waste packages will be vented.
The forced air mode will mean that air is drawn out, and the failure of a waste package would require that the
ventilation system be shut down to prevent dangerous particles from being vented to the outside atmosphere. This
shutdown would result in significant heating within the repository. I did not see this scenario analyzed.

Response
It is true that if the ventilation systems were not operating the drift wall and waste package temperatures would

increase. The Yucca Mountain Science and Engineering Report discusses the impact of a ventilation shutdown for
the lower-temperature design (DIRS 153849-DOE 2001, Section 2.3.4.3.1.3). It would take a period of 2 to 3 weeks
for the maximum drift wall temperature [96°C (205°F)] to be exceeded. However, even assuming no ventilation for
15 years, the peak temperature of the waste package would still be less than 460°C (896°F) (DIRS 154278-CRWMS
M&O 2001). Because the waste package has been analyzed to not fail prior to 600°C (1,112°F), the waste packages
would not release gases or material due to fans failing for at least 15 years, thus providing ample time to repair the
ventilation system or retrieve the waste packages.

7 (6780)

Comment - 010169 / 0001

I urge the project to consider use of self-shielded waste packages so the repository tunnels and waste packages could
be directly inspected and (if necessary) maintained. Direct observation and maintenance is generally superior to
remote operation and maintenance.

In this context, the government has in excess of 500,000 tons of depleted uranium and in excess depleted uranium
and 2,000,000 tons of potentially contaminated steel. One shielding option to consider is use of these materials to
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produce a depleted-uranium-dioxide cermet as a shielding material. This would simultaneously dispose of these
materials while improving repository performance. There are also other self-shielding waste package options.

Response
Self-shielding would not necessarily make direct inspection of the tunnels and waste packages possible. The

expected operational temperatures within the drifts would not allow human access to the tunnels without significant
additional cooling, and the self shielding would interfere with inspections of the waste packages because the barriers
relied on for protection from corrosion would not be visible. Shielding waste packages could also make it more
difficult to maintain peak fuel cladding temperatures below 350° C (600° F), required to protect the integrity of the
cladding from creep rupture. The present design therefore does not include provision for self-shielding, and would
not require human access should retrieval be required.

While accidents and malfunctions are not discussed in the Supplement to the Draft EIS, other project documents do
discuss them. (See for example DIRS 153849-DOE 2001, Section 2.3.4.6.4.) During the preclosure period, which
could be for more than 300 years, the repository will be open and subject to inspection and maintenance.

Management of the materials mentioned in this comment is the responsibility of DOE, but it is not within the scope
of this EIS. The Final Programmatic Environmental Impact Statement for Alternative Strategies for the Long-Term
Management and Use of Depleted Uranium Hexafluoride (DIRS 152493-DOE 1999) describes the DOE depleted
uranium inventory. DOE does not presently plan to dispose of depleted uranium in the proposed repository at Yucca
Mountain.

7 (9324)

Comment - 010267 / 0001

In reading the supplementary report by the engineers on the Yucca Repository, we failed to find a description of the
open pool that we have learned would be used for the cooling of spent nuclear waste (2.3.2.1.) North Portal
Operating Area, Figure 2-5. We have also found detailed information about the plan to cover a 200 acre parking lot
with asphalt for above-ground fuel storage. These intentions represent potential hazards that are not addressed
adequately in the report and they need to be considered in the planning for such a facility.

Intensive studies must be conducted on the impacts to surface water and storm run-off from the above-ground
cooling ponds and waste [canisters], as well as evaporative ponds. This is completely different from the impacts of
deep geological storage previously studied. These potential hazards also call into serious question the wisdom in the
planning for the total project.

Response
Accidents involving the spent nuclear fuel storage modules in the surface aging facility and the Waste Handling

Building (which includes the fuel blending facility) are evaluated in Section H.2 of the Final EIS. These facilities
would be designed and constructed to comply with all applicable Nuclear Regulatory Commission licensing
requirements which would include seismic design criteria specific to the repository.

The treatment of water from the fuel pools is discussed in the Science and Engineering Report (DIRS 153849-
DOE 2001, Section 2.2.4.3.1). As discussed in this section, liquid low-level radioactive waste will be recycled for
reuse or reduced in volume by use of an evaporator and solidified in grout for offsite disposal.

The design of the repository includes a cooling tower adjacent to the utility building to support heat rejection from
the utility building systems, such as the hot-water boilers. Water from the cooling tower, among other industrial
streams would be collected in one of two evaporation ponds. The purpose of these ponds would simply collect and
dispose of any sediment that could be contained in these water streams. Water from these industrial streams would
not contain any radioactive or hazardous materials.

The design of the repository is still evolving. The Department would ensure that the industrial wastewater-
evaporation system meets all applicable design requirements (including development of adequate maintenance and
inspection programs) and receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would
review the design before licensing the repository.
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7 (12004)

Comment - 010135 / 0009

DOE must supply a timeline that is realistic with the analysis that shows that the temperature rise will not be
exceeded if the vents are closed while the casks are being removed. From what I have read I doubt the worst case
condition DOE has demonstrated by this analysis. I haven’t seen any yet.

Response
If ventilation failed during retrieval operations, waste package heating would be very slow. In a recent assessment, it

was determined that the peak temperature of the outer surface of the waste package [369° to 454°C (700° to 849°F)]
would not occur until 15 years after a ventilation loss that took place immediately after emplacement (DIRS 154278-
CRWMS M&O 2001). Thus, ample time would be available to restore ventilation. Furthermore, current plans
include provisions for a high-efficiency particulate filtration system that could be used to filter the ventilation flow
and eliminate most of the radionuclide particulate releases to the atmosphere if any radionuclide releases were to
occur in the underground.

7 (12164)

Comment - 010319 /0011

The idea of “resorting” waste is also a scary idea, considering the fact that it has never been done before, and that it
would involve many opportunities for error arising from possible faulty record keeping and spent fuel originating
from so many different sites.

Response
The processes planned for the blending of commercial spent nuclear fuel are the same that are being used

successfully for fuel management at nuclear plants through out United States. The considerations mentioned in the
comment regarding record keeping are routinely and safely done at the nuclear facilities.

Further information on blending strategy and proposed facilities can be found the Science and Engineering Report
(DIRS 153849-DOE 2001, Sections 2.2.1 and 2.2.2.2).

7 (12183)

Comment - 010367 / 0009

Water in closed repository is expected to evaporate. How much water? Will it evaporate or react like a pressure
cooker?

Response
Naturally occurring water would travel through the repository. Water that was able to flow into the vicinity of the

emplacement drifts would be heated by the heat from the waste packages. If that heat was warm enough, the water
would evaporate and travel through the emplacement drift or its surrounding rock structure. The pathways would be
similar to the pathways that originally allowed the water to travel into the vicinity of the waste packages.

7 (12226)

Comment - 010325 / 0008

The margin for human error in record keeping alone seems enormous. Potentially deadly problems that have
happened at other reactor sites, such as cranes getting jammed when lifting rods out of pools, lids being dropped on
canisters, or gases threatening explosion, and I heard one story tonight about somebody dropping a soda can in a
reactor, I don’t know the details on that, could be magnified enormously.

Response
Blending would involve some additional handling of the commercial spent nuclear fuel, the only waste form to be

blended. Blending is merely the selective loading of disposal containers to control waste package temperature.
Accidental assembly drops, during handling and loading operations, are evaluated in Appendix H of the Final EIS
and impacts from such accidents are provided (Section H.2.1.5). Releases from assembly drop accidents in the pool
are mitigated by retention in the pool water, and all accidents within the confines of the Waste Handling Building
are mitigated by the ventilation system which controls the flow of any radioactive release and filters any airborne
discharge to the atmosphere. Further information on blending strategy and proposed facilities can be found the
Science and Engineering Report (DIRS 153849-DOE 2001, Sections 2.2.1 and 2.2.2.2).
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7 (12239)

Comment - 010135 /0007

DOE writes about their magic bullet, Alloy 22. The welding and bending of this material changes its properties.
DOE mentions that the materials will form an oxide coating that protects the metal. This will change when the
material is welded. I doubt the cask can be remotely placed in a repository without breaking the oxide layer at
various contact points.

On that same subject when you use two different metals and even if you combine them very tightly there’s slight
motion so the oxide layer will be broken between those two. I use the outboard motor industry as a classic example.
If you use your aluminum housing and stainless steel screws, it doesn’t take long before you can’t get the screws out
because they have corroded together. And that’s because when you go in and tighten down the screw, you break the
oxide layer.

Page 2-25, the statement that different corrosion-resistant materials will reduce the probability that a single
mechanism can cause a failure of both materials, I don’t think that’s correct. How about electrolysis caused by
dissimilar metals?

Response
The welding and bending of Alloy-22 was an important consideration in the modeling of waste package degradation.

Several corrosion processes, including stress corrosion cracking were considered. Loss of passive films was also
considered. Several of these processes are very important in the modeling outcomes. The low rate of Alloy-22
corrosion in a humid air or an aqueous environment would depend on the stability of the passive film on the surface.
For the nickel-base Alloy-22, the film would be an oxide consisting primarily of chromium with nickel, tungsten,
and molybdenum. Corrosion testing reported in research literature, as well as that performed by DOE, shows that
this film would be stable under conditions expected at Yucca Mountain. These tests included service-condition
testing and accelerated testing. However, the long-term stability of these films under expected Yucca Mountain
conditions is uncertain because long-term tests have been underway for only a few years. New microanalytical
techniques are being used to better quantify the corrosion rates and further elucidate film stability. These include
atomic force microscopy, X-ray photoelectron spectroscopy, electrochemical impedance spectroscopy, and linear
polarization. DOE plans to grow thicker oxides at higher temperatures using autoclaves to accelerate growth for
composition and structure studies. In addition, DOE has initiated the development of an analytical, mechanistically
based model for projecting long-term general and localized corrosion behavior and passive film stability.

The only contact between dissimilar metals would be between the stainless-steel inner sleeve and outer Alloy-22
layer. No credit is taken for the stainless-steel sleeve, which is considered only as a structural reinforcement prior to
breach of the Alloy-22. Until the Alloy-22 was breached, the interface would not be wet or exposed to oxygen.
Therefore, any damage to the passive layer would be of no consequence. After the Alloy-22 became breached,
corrosion would proceed from the inside; the analysis has accounted for and such things as the presence of stainless
steel.

The two dissimilar metals for defense-in-depth would be the titanium drip shields and Alloy-22 waste packages,
which would be widely separated and not immersed in water. Therefore, there would be no likelihood of significant
electrolysis effects. In addition, if contact did somehow occur, the interactions between the Alloy-22 waste package
material and the drip shields would be negligible because they are very close on the galvanic series. Rather, because
both corrode independently and by different processes, they would offer two layers of defense. However, the waste
package could interact with the carbon steel of the ground support or invert system. This could accelerate the
generation of insoluble ferric oxides or oxyhydroxides. These corrosion products are unlikely to be detrimental to
the performance of Alloy-22, as discussed in Section 4.2.3.2.3 of the Science and Engineering Report (DIRS
153849-DOE 2001).

7 (12240)

Comment - 010135 /0008

Page 2-25, second paragraph, if the drip shields are placed on the packages just before closure, what is the timeline
from placement of the first drip shield to the last and what happens if there’s a failure of the first waste package that
received the shield as the last drip shield is put in place? This is a worst case that should be analyzed.
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I believe that the timeline will be long enough that material will be emitted to the outside and again will violate the
requirement that the natural barrier shall ensure that the material cannot contact the outside environment.

Response
Placement of the drip shields is estimated to require approximately 2.5 years. Although failure of any waste

package during this period is highly unlikely, they will continue to be monitored for failure potential. The drip
shields only serve a purpose long after closure (all ventilation ceases) and the wall rock cools sufficiently to allow
water to condense and drip in the emplacement drifts (see DIRS 153849-DOE 2001).

Failure of a waste package has been considered in the repository accident analysis (Appendix H of the Final EIS).
In this case, transporter runaway resulting in waste package collision with the access tunnel wall was found to be a
credible event. This event was assumed to damage fuel rods in the waste package, and release radionuclides. The
ventilation system was assumed to be operating for this accident, causing the maximum atmospheric release.
Results are provided in Section H.2.1.5. Failure of an emplaced waste package with or without drip shields in place
during the first 300 years was not considered a credible accident.

The goal of geologic disposal is to concentrate and isolate high-level radioactive wastes in a relatively small area for
a very long time. The Department intends to achieve isolation of the wastes in the proposed repository by using a
system of engineered barriers and by locating the repository in the geologic setting of Yucca Mountain. However, it
is always possible to conceive of circumstances (both manmade and natural) that, given the inherent uncertainties
associated with long-term projections, could result in the release of radioactive materials to the accessible
environment. In other words, the eventual release of some material is inevitable because all systems will degrade
given sufficient time.

This EIS provides the Department’s best estimate of the impacts that could occur when the containment system
inevitably degraded. The EIS confirms that the Proposed Action would likely result in the small release of
radioactive contamination to the environment within 10,000 years after repository closure. However, the EIS also
shows that these releases under the Proposed Action would not exceed Environmental Protection Agency standards
(40 CFR Part 197) within 10,000 years of repository closure, standards specifically enacted to ensure the safety of
future generations.

7 (12300)

Comment - 010135 / 0006

Page 2-23, section 2.3.4.1, nowhere have I found the time required to remove a worst case position a waste package
that has failed prematurely. And I don’t want to hear that they’re not going to have any failures for 10,000 years.
They can’t prove that, and that has to be an absolute because they’re saying that nothing is going to be out for
10,000 years, so that’s a guarantee. That’s not any kind of a percentage.

When one includes a worst case when both the forced air failed and a cask has failed, what will be the amount of
material emitted to the atmosphere? What is the maximum temperature a waste package container can withstand
before it releases material?

Has a cask been tested to ensure that it can prevent emitting gases and material? And if it hasn’t been tested, how do
you know that the temperature rise that you’re planning for is adequate if the temperature rose because they failed?

Response
Premature waste package failure has been considered through an evaluation of a runaway waste transporter colliding

into an access tunnel wall and releasing radionuclides that are then drawn into the ventilation system and discharged
to the atmosphere. The results are provided in Section H.2.1.5 of the EIS. This accident would produce greater
impacts than the same event with a failed ventilation system because without operation of the ventilation system,
there would be minimal airflow to transport the radionuclides to the atmosphere.

In the unlikely event of a waste package failure and radionuclide release during forced ventilation, the ventilation
monitoring system would detect the release and ventilation could be terminated. Repository heating would begin,
but the rate of heating would be extremely slow. A recent assessment determined that the peak temperature of the
waste package outer surface [369°C to 454°C (696°F to 849°F) would not occur until 15 years after a ventilation loss
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that took place immediately after emplacement (when the maximum heat generation would occur) (DIRS 148608-
CRWMS M&O 2000). Thus, ample time would be available to restore ventilation. Furthermore, current plans
include provisions for a filtration system that could be installed and used to filter the ventilation flow and eliminate
most of the radionuclide particulate release, if any occurred.

The potential for early failures was determined by the analysis of both defects and degradation models. The
potential for undetected defects would be very small, as shown in Section 4.2.4.3.1 of the Science and Engineering
Report (DIRS 153849-DOE 2001). The degradation models were developed for each of the active degradation
modes. These were combined in the WAPDEG (Waste Package Degradation) computer program, which was
exercised as a function of time to determine the lifetime of the waste package in each of the regions of the potential
repository. Details of this program are in the Science and Engineering Report (DIRS 153849-DOE). A range of
cases was analyzed.

The results of the conservative analyses of waste package performance indicate that waste packages would not fail
for at least 12,000 years. However, some process not defined or expected could lead to a failure before 10,000
years. Sensitivity runs were analyzed with a number of early failures, which were assumed to occur before 10,000
years. The dose to the public resulting from these early failures would be below regulatory limits (DIRS 153849-
DOE 2001). A range of cases was analyzed.

7 (12403)
Comment - 010242 / 0021
Page 2-28: Section 2.3.6 - Repository Closure

Because of the possible large number of ventilation shafts (7 to 17) intersecting the repository, the Supplement
should provide information on the current state of technology for sealing these shafts in a manner that will not result
in creating conditions adverse to long-term repository performance. Ineffective shaft seals could have performance
consequences of greater magnitude than inadvertent human intrusion.

Response
Supporting documents to the EIS such as the Monitored Geologic Repository Project Description Document (DIRS

151853-CRWMS M&O 2000), and other referenced supporting documents, discuss shaft-seal design. It has been
established that the current technology for shaft sealing would sufficiently integrate the sealed openings so that they
would perform as well as the host rock.

7 (12469)
Comment - 010242 /0013
Page 2-15: Section 2.3.2.1 - Waste Handling and Approach to Fuel Blending

Fuel blending would be a very complex operation. The additional handling of highly radioactive SNF [spent nuclear
fuel] in the pool building will create additional opportunities for accidents such as dropping of assemblies due to
grapple failure or operator error. Releases of radioactive materials from accidents may or may not be contained in
the pool storage and blending area. The mixing of SNF assemblies of different sizes and different radiological
characteristics, from different fuel batches and/or reactors, will create numerous opportunities for errors (e.g.,
insertion of incorrect assembly in disposal canister, insertion of assembly in incorrect disposal canister cell, etc).
Cleanup after accidents will likely increase worker exposures and generate additional streams of LLW [low-level
radioactive waste], Mixed Wastes, and possibly HLW [high-level radioactive waste]. Indeed, the very feasibility of
large-scale fuel blending is questionable.

Response
Blending is the selective loading of disposal containers to control waste package temperature. Blending would

involve some additional handling of commercial spent nuclear fuel, which is the only waste form DOE would blend.
Accidental drops of assemblies during handling and loading operations is evaluated in Appendix H of the EIS and
the impacts from such accidents are described in Section H.2.1.5. The release of radionuclides from such an
accident in the pool would be mitigated by retention of the radionuclides in the pool water. Accidents within the
confines of the Waste Handling Building would be mitigated by the ventilation system, which would control the
flow of any radioactive release and filter any airborne discharge to the atmosphere. Misloading of a waste package
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could occur, and such events could result in excessive temperatures. The possibility of such events has been
considered, and procedures for loading disposal containers would be developed (DIRS 150198-CRWMS M&O
2000). These procedures would be based on thermal analyses of the various waste package configurations such that
a sufficient margin would be available to ensure that the temperature criterion would not be violated for any credible
misload.

7 (12470)
Comment - 010242 / 0020
Page 2-23: Section 2.3.4.1 - Waste Package and Drip Shields

The Supplement does not, but should, acknowledge the uncertainty in the corrosion resistance of Alloy-22 and the
titanium proposed for drip shields, nor does it acknowledge the uncertainty in the knowledge of the subsurface
environment in which these metals are asserted to be “extremely corrosion resistant.”

Response
The uncertainty associated with many processes, including corrosion and repository environments, is acknowledged

and discussed in detail in the Science and Engineering Report (DIRS 153849-DOE 2001). DOE referenced the
Science and Engineering Report in the Supplement to the Draft EIS. See Chapter 5 and Appendix I of the Final EIS,
and supporting documents referenced therein, for additional discussion of how these uncertainties are accounted for
in the modeling of long-term performance. Even considering the very large range of simulated environments and a
very wide uncertainty range in corrosion rates, these materials are still extremely corrosion resistant.

7 (12555)
Comment - 010242 /0012
Page 2-15: Section 2.3.2.1 - Waste Handling and Approach to Fuel Blending

Fuel blending is not discussed in detail in either the DEIS [Draft EIS] (see Appendix E, Pp. 11-12) nor in the SEIS
[Supplement to the Draft EIS] (p.2-15). The SEIS refers the reader to Section 2.2.1 of the Science and Engineering
Report (DOE 2001a). The SEIS should contain a full description of the proposed fuel blending process.

Response
The detail of discussion of fuel blending in the Supplement to the Draft EIS is similar to the detail provided in the

Draft and Final EISs for other features of the waste handling process. DOE believes that this level of detail is
sufficient for the EIS. As mentioned in various places in the Draft EIS, Supplement to the Draft EIS, and the Final
EIS, additional information on repository facilities is contained in the Viability Assessment, the Science and
Engineering Report, and the Site Recommendation Report. Please see those documents for additional information
about fuel blending.

7 (12560)

Comment - 010116 / 0008

Nowhere have I found at the time required to remove in the worst case position a waste package that has failed
prematurely. This entire EIS assumes that there will be no waste package failing prematurely. I think that’s very
optimistic. When one includes the worst case when both the forced air fails and the cask fails, what will be the
amount of material emitted into the atmosphere? What is the maximum temperature a waste package container can
withstand before it releases material? Has the cask been tested to ensure that it can prevent any emitting gases or
material if the temperature rose after the fans failing?

Response
Retrieval of a waste package at any time during repository operations is a design requirement for the facility.

Provisions would also be made to retrieve a waste package under off-normal conditions (DIRS 153849-DOE 2001).
Failure of a waste package has been considered in the repository accident analysis (Appendix H of the EIS). For
example, a credible accident would be a runaway waste transporter colliding into an access tunnel wall. This event
was assumed to damage all fuel rods in the waste package, and release radionuclides. The ventilation system was
assumed to be operating during the accident, resulting in the maximum release of radionuclides to the atmosphere.
The impacts from such an accident are described in Section H.2.1.5.
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Heatup of a cask following ventilation failure is very slow. In a recent assessment, it was determined that the peak
temperature of the outer surface of the waste package [369° to 454°C (696° to 849°F)] would not occur until 15 years
after a ventilation loss that takes place immediately after emplacement (DIRS 154278-CRWMS M&O 2001). Thus,
ample time is available to restore ventilation prior to significant overheating. Furthermore, current plans include
provisions for a high-efficiency particulate filtration system that can be used to filter the ventilation flow and
eliminate most of the radionuclide particulate release to the atmosphere if any radionuclide releases were to occur in
the underground.

7 (12594)

Comment - 010371 / 0003

The proposed action in the Supplement calls for DOE to establish an interim storage facility to age waste before
emplacement. It is questionable whether the proposed surface aging facility violates the provisions of the Nuclear
Waste Policy Amendments Act which forbids a monitored retrievable storage facility to be constructed at the
proposed repository site. Coincidentally, the proposed aging facility has the approximate capacity of the proposed
private fuel storage at Skull Valley, Utah. DOE should have incorporated Skull Valley in the Supplement as a
possible alternative to the surface aging facility at Yucca Mountain, particularly in light of the prohibition to an
MRS. The surface aging facility is a significant departure from the proposals in the DEIS and yet there appears to be
very limited discussions of its impacts in the document.

Response
Although the flexible design described in the Supplement to the Draft EIS includes a surface aging facility for

storage of as much as 40,000 metric tons of heavy metal over a 50-year period, this facility has been proposed as a
repository operational option that could provide a cost-effective method of achieving a lower-temperature
repository. DOE does not agree that the siting limitations for interim storage facilities contained in the Nuclear
Waste Policy Act constrain the operational flexibility of the repository or ultimately the long-term performance of
the repository. Therefore, DOE believes that the surface aging facility option constitutes a potential operational
element of a proposed repository.

The purpose of the EIS is to provide a reasonable estimate of environmental impacts that could result from the
Proposed Action to construct, operate and monitor, and eventually close a geologic repository at Yucca Mountain.
Therefore, the Final EIS has included the impact estimates for the Proposed Action, which include both higher- and
lower-temperature operating modes. DOE believes that the range of impacts presented for these operating modes,
which include impacts resulting from construction, operation, and decommissioning of a surface aging facility (for
the lower-temperature operating mode) provide adequate information to inform the decisionmaking process.

Since DOE published the Draft EIS, the Nuclear Regulatory Commission has published the Draft Environmental
Impact Statement for the Construction and Operation of an Independent Spent Nuclear Fuel Storage Installation on
the Reservation of the Skull Valley Band of Goshute Indians and the Related Transportation Facility in Tooele
County, Utah (DIRS 152001-NRC 2000). That EIS evaluates the potential construction and operation of an interim
storage facility that would be licensed by the Nuclear Regulatory Commission for storage of commercial spent
nuclear fuel. Because of the similar size and function, impacts from this facility are likely to be similar to those of a
surface aging facility at the proposed repository.

7 (12607)

Comment - 010242 /0010

The Supplement states, “Under the S&ER flexible design, DOE could vary other operating parameters such as
ventilation rates and the blending of hotter and cooler spent nuclear fuel in the same waste packages.” Forced
ventilation rate is indicated to be a fixed operating parameter, at 15 cubic meters per second, in Table 2-1 of the
supplement. If it is intended to be varied, the extent of the variation must be described and analyzed in the
Supplement.

Response
Table 2-1 in the Supplement to the Draft EIS, as described in the text, lists ““...key underground design and

operating parameters...” The 15 cubic meters per second (about 32,000 cubic feet per minute) is a design parameter
estimated to provide the desired operating goal of removing approximately 70 percent of the waste-generated heat
during the preclosure period. This parameter is needed for various designed features of the repository operating
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modes. If variations changed the thermal loading in the emplacement drifts, the volume of ventilating air could be
varied accordingly. Under variations in operating conditions, the volume of ventilation air could also be varied,
though DOE does not currently anticipate the need to vary the ventilation rate.

For details of the higher-temperature repository operating mode ventilation estimates, see FEIS Update to
Engineering File — Subsurface Repository (DIRS 150941-CRWMS M&O 2000).

7 (12773)

Comment - 010116 / 0003

S-2, paragraph one, DOE intends to control the temperature. The method of control is similar to maintaining a water
level in a bathtub with the drain open and the faucet partially open. The drain must continue to have the same
restriction. The water pressure must remain constant and the water temperature shall remain the same or the level
will not remain constant. This is a simple problem in open control. DOE expects all the parameters affecting
temperature source to have the same temperature grading until the site is closed. It’s a very optimistic plan.

Response
In the first paragraph on page S-2 of the Supplement to the Draft EIS, DOE might have inadvertently implied more

temperature control than is actually intended or required. The intent would be to provide thermal management so
that the rock temperature in the pillars, the waste package surface temperature, or the drift wall temperature would
not exceed specified values. Thermal management is not intended to “control” the temperature at specific values. In
general, the approach would be to use forced air cooling in the emplacement drifts to remove up to 70 percent of the
heat generated by the waste and transfer it to the atmosphere. The remaining heat, which could cause the waste
packages or the rock in the repository to heat up, would be managed using other variables such as waste package
spacing or spent nuclear fuel aging. A typical thermal response would show rock temperatures in the pillars, drift
walls, and waste package walls dropping below specified values while the fans were still running, and increasing,
but not reaching, specified values after the fans were turned off, then decaying to much lower levels in the long
term.

7 (12818)

Comment - 010299 /0011

“Fuel Blending” -- the process of mixing fuel assemblies of different temperatures to lower a waste package
temperature has never been done before. To do this safely, the exact history of each fuel assembly must be known.
Any mistakes in record keeping could lead to mistakes in packaging, and more uncertainties in the repository
performance. The Supplement fails to talk about any specific plans or mechanics for fuel blending. The
Supplement makes no mention of possible impacts of incorrect record keeping and unknown waste package
temperatures from blending.

Response
The processes planned at Yucca Mountain for blending commercial spent nuclear fuel are the same as those being

used successfully at nuclear plants throughout the United States. The considerations mentioned in the comment
regarding record keeping are routinely and safely done at these nuclear facilities. Further information on blending
strategy and proposed facilities can be found in the Science and Engineering Report (DIRS 153849-DOE 2001).

7 (12828)
Comment - 010305 / 0004
Is the repository to be hot or cold? How hot is hot?

Response
As discussed in Section 2.2.2.2 in the Supplement to the Draft EIS, the flexible design discussed in the Science and

Engineering Report (DIRS 153849-DOE 2001) includes the ability to operate the repository in a range of operating
modes that address higher and lower temperatures and associated humidity conditions. Higher-temperature means
that at least a portion of the emplacement drift rock wall would have a maximum temperature above the boiling
point of water at the elevation of the repository [96°C (205°F)]. The lower-temperature operating mode ranges
include conditions under which the drift rock wall temperatures would be below the boiling point of water, and
conditions under which waste package surface temperatures would not exceed 85°C (185°F).
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7 (12858)

Comment - 010262 /0011

“Fuel Blending”- the process of mixing fuel assemblies of different temperatures to lower a waste package
temperature has never been done before. To do this safely, the exact history of each fuel assembly must be known.
Any mistakes in record keeping could lead to mistakes in packaging, and more uncertainties in the repository
performance. The Supplement fails to talk about any specific plans or mechanics for fuel blending. The
Supplement makes no mention of possible impacts of incorrect record keeping, and unknown waste package
temperatures from blending.

Response
The processes planned at Yucca Mountain for blending commercial spent nuclear fuel are the same as those being

used successfully at nuclear plants throughout the United States. The considerations mentioned in the comment
regarding record keeping are routinely and safely done at these nuclear facilities. Further information on blending
strategy and proposed facilities can be found in Science and Engineering Report (DIRS 153849-DOE 2001).

7 (12902)

Comment - 010314 /0010

Even the operating history of the fuel rods of a single reactor will have varied from year to year, including such
parameters as fluctuating temperatures, pressures and water chemistries -- resulting in a range in the volume and
curie content of (1) the gaseous and solid fission products and transuranics within the fuel rods, and (2) the
activation and corrosion products on the inside and outside of the rods. The varied operating history would also
have affected the integrity of each fuel rod’s cladding (the rod’s hollow metal tubing in which some 250 uranium
pellets are stacked) and the rod’s top and bottom welds, which in turn would affect the leakage rate of the fission
products during the rod’s submersion in the fuel pool (a period of at least 20 or 30 years) and during the rest of the
life of the rod. That’s forever.

A typical thousand-megawatt pressurized reactor, like the Callaway plant here in Missouri, will have approximately
50,000 fuel rods fissioning in its reactor vessel at any one time. The history of one rod, and hence its radioactive
contents, will differ from every other rod. For example, the history of the cladding of the rods near the center of the
fuel core in the reactor will have been vastly different from the history of assemblies of rods near the periphery.

Other contents of the casks are also worrisome. Because of the probable presence of pyrophoric zirconium and
zirconium hydride from the fuel rod cladding in the spent fuel casks, an explosion from inside the cask would be
possible during transport, storage, or disposal.

Response
DOE agrees that the commercial spent nuclear fuel rods shipped to the repository would have different operating

histories that would influence the amount and location of radionuclides. However, provisions have been made to
accommodate these differences in the design of the repository. Fuel rods with damaged cladding would be
packaged separately in sealed canisters before shipment. Radionuclides that leaked from the fuel rods during
submersion in the repository pools would be removed by the water treatment system. Although finally divided
zirconium can react pyrophorically in air, there would be no significant amount of zirconium particles in the waste
packages. Since the waste packages would be backfilled with an inert gas, helium, and pyrophoric materials would
not be permitted in shipping casks or waste packages, explosions involving the waste materials would not be
possible.

7 (12921)

Comment - 010281 / 0006

Increased Ventilation The DEIS and the Supplement fail to provide adequate analysis of the ventilation design
ability to maintain flow through when blocked, or partially blocked, by the accumulation of organic matter
(vegetation, rodent or bird feces) or wind-driven soil drifts over the design time scales.

Response
Although specific analyses of the maintenance operations were not provided in the Supplement to the Draft EIS, the

design includes appropriate maintenance of the ground support system and the ventilation system to ensure effective
operation of the systems. In addition, the thermal transients likely occur if the ventilation system was temporarily
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shut down would be very slow. If additional maintenance beyond what has been planned was required, the system
could be shut down for long periods to complete required repairs without consequences from lack of cooling.

7 (13028)
Comment - 010071 /0001
In case a volcanic eruption or earthquake disrupts Yucca Mountain, what then?

Who pulls out the [canisters]?

Where are they to be taken?

Who transports them?

How fast will they be removed?

Who’s going to foot the bill, for not only that, but also for medical care of the residents?

An emergency plan has to be ready.

Response
The EIS contains analyses of impacts that could arise from disruptive events such as earthquakes and volcanic

activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk analysis.
Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term radionuclide
release and the resultant impacts. The consideration of the combined likelihood and consequences of such events
indicates the potential risk, as reported in the EIS.

DOE has evaluated the long-term geologic stability of Yucca Mountain, including the potential for volcanoes.
Volcanic activity has been waning in the recent geologic past; the probability of a volcano that could disturb the
repository is very low (see EIS Section 3.1.3.1). Nevertheless, DOE presents an analysis of the effects of both a
volcanic eruption, which could release volcanic ash and entrained wastes into the atmosphere, and the intrusion of
magma into the emplacement drifts, which could damage waste packages and contaminate the underlying aquifer.
DOE estimated potential impacts on the nearest population to the south, conservatively assuming wind in that
direction.

The dose history for volcanic disturbances is presented above as a probability-weighted annual dose resulting from
events occurring at uncertain times throughout the period of simulation. This approach to calculating and displaying
the probability-weighted annual doses is consistent with the approach specified in 40 CFR Part 197 and is required
for determination of the overall expected annual dose. However, displays of the probability-weighted annual dose
do not allow direct interpretation of the conditional annual dose, which is the annual dose an individual would
receive if a volcanic event occurred at a specified time. For conditional analyses, the probability of the event is set
equal to one, and the time of the event is specified. Conditional results do not provide a meaningful estimate of the
overall risk associated with igneous activity at Yucca Mountain, but they provide insights into the magnitude of
possible consequences for specific sets of assumptions. A sensitivity calculation was performed to provide results
for this conditional case (DIRS 154659-BSC 2001). Conditional mean annual dose histories were calculated for
eruptive events at 100, 500, 1,000, and 5,000 years. The conditional mean dose in the first year after an eruptive
event at 100 years after repository closure would be approximately 13 rem. The conditional dose in the first year
after an eruption would decrease to approximately one half this level for an eruption 500 years after closure, and
would be approximately 10 percent of this value for an eruption 5,000 years after closure. The calculation was made
with a previous Total System Performance Assessment model (DIRS 153246-CRWMS M&O 2000) that has some
differences from the model used elsewhere in this EIS for long-term performance (DIRS 157307-BSC 2001). The
differences that affect the analysis described above are that dose factors were revised to conform to 40 CFR Part 197
and the distance analyzed is 18 kilometers (11 miles) rather than 20 kilometers (12 miles) from the repository.

These changes would be expected to increase the dose values at 100 years and 500 years by a factor of between

2 and 3. The results at the later times would increase by about 20 percent.
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Sensitivity studies for the Total System Performance Assessment suggest that the probability-adjusted dose from a
volcanic eruptive event at 18 kilometers (11 miles) in the direction of wind transport of an ash plume would peak at
a few tenths of a millirem per year.

As discussed in Section 5.2.3.5 of the Draft EIS, the major effect of an earthquake at Yucca Mountain would be
ground motion (shaking) rather than direct offset along a fault. The Disruptive Events Process Model Report (DIRS
151968-CRWMS M&O 2000) discusses the effect of offset along a fault. Past movement has been along existing
faults, and the probability of new faults forming is low. DOE would not emplace waste packages near existing
faults, so the probability of shearing a waste package would be very low.

Although the probability of an earthquake or volcano disrupting the repository prior to closure is highly unlikely,
provisions have been considered for recovering from accidents or malfunctions. While accidents and malfunctions
are not discussed in the Supplement to the Draft EIS, other project documents do discuss them [see, for example, the
Science and Engineering Report (DIRS 153849-DOE 2001)].

Section 122 of the NWPA requires DOE to maintain the ability to retrieve emplaced spent nuclear fuel and high-
level radioactive waste. Nuclear Regulatory Commission regulations [10 CFR Part 63, particularly

Section 63.111(e), require that the repository be designed so that any or all of the waste could be retrieved on a
reasonable schedule starting at any time up to 50 years after the start of waste emplacement. In accordance with
these requirements, the operational plan for the Yucca Mountain Repository provides a design that would maintain
the ability to retrieve emplaced materials for at least 100 years and possibly as long as 300 years. The EIS evaluated
retrieval as a contingency action, and describes potential impacts if it was to occur (see Section 4.2). DOE evaluated
only actions it could predict with any certainty (that is, removal of emplaced waste materials and subsequent onsite
storage). Because future actions regarding the management and disposal of these materials following retrieval
would be at the direction of Congress, are highly speculative, and are unnecessary to support current
decisionmaking, DOE believes it is inappropriate to evaluate impacts that could result from these actions.

In 1988, the Price-Anderson Act was amended to provide liability coverage to DOE activities (including
transportation) involving spent nuclear fuel, high-level radioactive waste, and transuranic waste. The Act provides
liability coverage for commercial activities operating under a license from the Nuclear Regulatory Commission and
DOE activities by establishing a system of private insurance and federal indemnification that generally ensures that
up to $9.43 billion is available to compensate for damages suffered by the public, regardless of the causes of the
damage. Payment would be from government funds or, if public liability arose out of nuclear waste activities
funded by the Nuclear Waste Fund (for example, activities at a geologic repository), from the Nuclear Waste Fund.
Appendix M contains more information.

If the proposed repository became operational, DOE would enter into discussions with potentially affected units of
local government and consider appropriate support and mitigation measures. In addition, as required by Section
180(c) of the NWPA, DOE would provide technical assistance and funds to States for training for public safety
officials of appropriate units of local government and Native American tribes through whose jurisdictions DOE
would transport spent nuclear fuel and high-level radioactive waste. Training would cover procedures required for
safe routine transportation of these materials, as well as procedures for dealing with emergency response situations.
Sections 116(c)(2) and 117(c)(5) of the NWPA also set forth assistance guidelines covering a number of issues,
including emergency preparedness and response, respectively].

7 (13106)

Comment - 010227 / 0024

This suggestion of fuel blending has never been done before. It requires the knowledge of the exact history of each
fuel assembly. It requires perfect record keeping. The nuclear industry does not have a history of perfect record
keeping.

Response
The processes planned at Yucca Mountain for blending commercial spent nuclear fuel are the same as those being

used successfully at nuclear plants throughout the United States. The nuclear industry has been using historical data
for many years as the basis for performing core reload and criticality calculations and has an excellent record for
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accurately predicting the response of the reactor. The records and data that will be used for fuel blending are the
same records that the utilities have used to calculate core reloads and criticality.

Further information on blending strategy and proposed facilities can be found in the Science and Engineering Report
(DIRS 153849-DOE 2001).

7 (13118)

Comment - 010298 / 0005

In addition to the instability of the site, there are serious concerns about the stability of the irradiated fuel rods within
the casks. I remember when the melted Three Mile Island fuel was transported to Idaho. Recombiner catalysts were
installed in the top and bottom of the canisters to prevent the buildup of a flammable gas mixture or internal pressure
within the cask, and to prevent a fire or a hydrogen explosion from occurring. The catalyst was intended to combine
the radiolytically-generated hydrogen and oxygen gases released from the residual water entrapped within the fuel
back into water in order to prevent the formation of combustible or explosive gas mixtures. However, I understand
that the catalyst cannot function if submerged in water.

Response
Based on requirements for shipping casks and waste packages, no water would be permitted inside the containers.

Thus, generation and buildup of hydrogen from radiolytic decomposition of water would not occur. In addition, the
greatly reduced radiation fields from fuel that must be cooled 5 years prior to shipment would limit the generation of
hydrogen even if water was present.

At the repository, casks containing disposable containers (such as DOE and naval spent nuclear fuel and high-level
radioactive waste) that had already been thoroughly dried and purged with inert gases as noted above, would remain
sealed and be processed through the Canister Transfer System for placement in a disposal container (DIRS 153849-
DOE 2001). Casks that contained commercial spent nuclear fuel in dual-purpose canisters or individual fuel
assembles would go to the Assembly Transfer System (DIRS 153849-DOE 2001), where the drying, purging, and
inert gas filling process would occur.

The waste handling processes would prevent the potential problems noted in this comment during shipping and
handling and during packaging and emplacement in the repository.

7 (13119)

Comment - 010298 / 0006

On the other hand, fine particles of zirconium, from the fuel rod cladding, must be kept either virtually dry or
completely submerged if an explosion or spontaneous ignition is to be prevented. This seems a rather precarious
technology. Storing the waste in a geologically unstable environment only adds to the chances of a cataclysmic
failure and the potential for release of highly radioactive materials to the environment.

Response
Although finely divided zirconium can react pyrophorically in air, there would be no significant amount of

zirconium particles in the waste packages. In addition, because the fuel assemblies would be dried before waste
package loading, and the DOE-owned spent nuclear fuel would be dried before being loaded into canisters and the
waste packages would be backfilled with helium, there would be insufficient oxygen to combine pyrophorically with
zirconium. The geology of the Yucca Mountain site has been extensively studied, and the location of the repository
is in a geologically stable area with no active faults intersecting the location of the emplacement drifts. The effects
of large earthquakes have been evaluated in Section H.2.1.3 (preclosure) and in Chapter 5 (postclosure) of the EIS
and the impacts of such events have been estimated.

7 (13172)

Comment - 010243 /0019

The Fuel Blending process mentioned in the SDEIS is not discussed in detail in either the DEIS nor in the SDEIS.
The SDEIS should contain a full description of the proposed fuel blending process. This description should include
a complete estimate of the NEPA cognizable impacts that will occur as a result of the proposal. This information is
not contained in the SDEIS. Clark County has two specific concerns with regard to the fuel blending facility. The
first is impact related. The second is perceptual.
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The fuel handling facility necessary to implement the action proposed by the SDEIS is itself a significant impact that
is not assessed in the SDEIS. There are numerous unanswered questions about the facility. These questions should
have been addressed in the SDEIS.

e How many rods will the facility handle at a time?

e  What operations are performed on the rods?

— Inspection

— Removal from packaging

—  Characterization

Replacement into packaging

How many people are employed?

What is the size of the budget for the facility?

How long did it take to construct? License? Etc...

What special emergency management precautions are provided to surrounding communities?

Response
The level of discussion in the EIS is similar to the description of the other operational characteristics of the waste

handling process. DOE based its preparation of the Draft EIS, the Supplement to the Draft EIS, and the Final EIS
on the Viability Assessment (DIRS 101779-DOE 1998), Science and Engineering Report (DIRS 153849-DOE
2001), and Preliminary Site Suitability Evaluation (DIRS 155734-DOE 2001), which provide more detailed
engineering descriptions. These and the other references cited in this EIS provide more detail about blending and
other detail aspects of the design. Further information on blending strategy and proposed facilities are in the Science
and Engineering Report (DIRS 153849-DOE 2001). Chapter 4 of the Final EIS includes a full evaluation on
potential impacts related to the fuel blending process. DOE believes that the level of detail is consistent with the
National Environmental Policy Act and provides information sufficient to support the Secretary of Energy’s
determination whether to recommend the Yucca Mountain site for development of a repository.

7 (13175)

Comment - 010243 / 0022

The handling of highly radioactive HLW in the pool building will create additional opportunities for accidents.
Releases of radioactive materials from accidents may or may not be contained in the pool storage and blending area.
The mixing of SNF assemblies of different sizes and different radiological characteristics, from different fuel
batches and/or reactors, will create numerous opportunities for errors (e.g. insertion of incorrect assembly in
disposal canister, insertion of assembly in incorrect disposal canister cell, etc).

Response
Blending would involve some additional handling of the commercial spent nuclear fuel, which is the only waste

form to be blended. Blending would consist of the selective loading of disposal containers to control waste package
temperature. Accidental assembly drops during handling and loading operations are evaluated in Appendix H of the
EIS and impacts from such accidents are discussed in Section H.2.1.5. Releases of radioactive materials from
dropped assemblies in the pool would be mitigated by retention of the materials in the pool water; accidents within
the confines of the Waste Handling Building would be mitigated by the ventilation system, which would control the
flow of any radioactive release and filters any airborne discharge to the atmosphere. An error during loading of a
waste package could occur, and such events could result in excessive temperatures. The possibility of such events
has been considered, and it is expected that procedures for loading containers would be developed based on thermal
analyses of the various waste package configurations such that sufficient margin would be available to ensure that
temperature criterion would not be violated if a loading error occurred (DIRS 150198-CRWMS M&O 2000).

7 (13184)

Comment - 010243 / 0031

The fuel-blending proposal may not be feasible because of the standard contracts with utilities that describe the
order in which the DOE must accept the SNF [spent nuclear fuel] from the utilities. It is entirely possible that the
fuel-handling facilities will have to be significantly different than described in the SDEIS in order to accommodate a
wide range of significantly different types of fuel necessary to make fuel-blending possible. The SDEIS should
have carefully described how the NPA [new proposed action] will avoid these problems.
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Response
The current design for the repository allows flexibility in the types of commercial spent nuclear fuel that DOE

would receive. However, the estimated receipts are based on DOE projections of actions that utilities would take to
deliver spent nuclear fuel for disposal and are independent of the repository design. Rather, they are based on the
terms of DOE’s Standard Contract for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste
contained in 10 CFR Part 961 and the generation and storage characteristics of each generator site (see discussion of
CALVIN computer program in Section J.1.1.1 of the EIS). Therefore, DOE believes that the flexible design,
including the blending facility, would accommodate fuel that would be shipped to a Yucca Mountain repository
based on the terms of the Standard Contract.

7 (13259)

Comment - 010274 / 0001

From the very beginning, my major concern were [are] the containers, (casks), this high level nuclear material will
be stored in. What will be the constant temperature without attempts to neutralize it? How much heat will Gamma
Ray; [Alpha} Rays; [neutrons]; [protons]; radioactivity; Fission products and continual radiation-generated heat;
will there be?!!

Your office has not disclosed the tremendous heat that will be generated within each container.

Response
The designs of the waste packages and repository consider the heat output from all sources of radiation in the spent

nuclear fuel. Surface aging, fuel blending, ventilation, waste package sizes, and waste package spacing are some of
the methods that might be used to control the temperature within the repository. In addition, a recent assessment
determined that the peak temperature of the outer surface of the waste package [from 369° to 454°C (696° to 849°F)]
would not occur until 15 years after a ventilation loss that takes place immediately after emplacement (DIRS
154278-CRWMS M&O 2001). Thus, ample time would be available to restore ventilation prior to any significant
waste package degradation from overheating. Furthermore, current plans include provisions for a high-efficiency
particulate filtration system that can be used to filter the ventilation flow and eliminate most of the radionuclide
particulate release to the atmosphere if any radionuclide releases were to occur in the underground.

7 (13306)

Comment - 010157 / 0003

Now they want to put in a dry storage pad up there of 200 acres of cement. Well, they decided not to use concrete
underneath the containers inside the mountain because of the alkalinity, and yet they want to store these dry fuel
pods for 50 years on 200 acres of alkaline concrete sitting out in the hot Nevada sun where the ground temperature
gets to something like 150° for 50 years. I don’t think that makes much sense.

I asked about that storage pool -- and I hadn’t planned on this foolish speaking tonight. I just wanted to stay home
and be comfortable but sometimes one gets a bur under one’s saddle. I asked about the storage pool, and I was told
5,000 metric tons, and that is for blending. Well, now, this blending business puts me in my kitchen. And if I want
to make some warm water, maybe I want to make some bread and get the yeast right, you know. Oh, I forgot I had
to answer the phone. The water boiled. Well, I want to cool the water, so I put some cold water in it.

Now, they want to blend the hot nuke waste above boiling point with the colder nuke waste to get -- I don’t know
what they want to get, but they never done it and they don’t know what the heck is going to happen when they do it.

When the first atomic particles were being experimented upon there was a meeting somewhere or other, I don’t
remember, I don’t know what that was all about, but they had some of these cute little pellets. They didn’t hold
them in their hand but they did lay them down on the table. And these little pellets started jumping towards each
other and all those scientists just about had to go home and change their clothes because they were going -- they
were scared to death that these cute little pellets were either going to fission or fusion, and they didn’t know what.
And now we want to mix hot rods with cold rods. No, I don’t think so. That doesn’t make sense.

The gentleman told us 5,000 metric tons. This thing says 12,000 fuel assemblies as an inventory for fuel blending.
Well, there’s a difference between 12,000 and 5,000. I asked how big was this pool to be. Oh, about the size of this
room. Well, they looked it up and it’s 160 feet by 37 feet by 50 feet deep.
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Now, from the front of this stage to the front of the kitchen there is 80 feet. Now, twice that length. That’s the
length of it. The interior of this room is about 44 feet wide. And it’s to be 37 feet wide. So it’s going to be twice as
long as the room and almost as wide. It’s going to be 50 feet deep. You know that’s five stories? And they have no
idea how much water that’s going to hold. They told me to multiply it out and figure it for myself.

They don’t have a source for the water. It’s in litigation they told me. This is going to be -- these rods are going to
be held in there for 50 years. And I would sure like to see some plans for this and see, find out who’s going to bid
on building these storage pools.

In fact, there’s going to be four of them side by side. I didn’t ask them then is this going to be one pool with bars in
between like four attached pools or are they going to be four separate pools. I don’t know, but I don’t think it makes
much differences. The whole thing is foolish.

Response
Dry storage on concrete pads would occur for the relatively short period of 50 years. During the 50-year period

DOE would monitor the dry storage facility to ensure that the facility was safe. Concrete was removed from the
emplacement drift design to reduce the chance of waste package and spent nuclear fuel corrosion due to alkalinity
concerns over 10,000 years.

The processes planned for the blending pool are the same as those being used successfully at nuclear plants
throughout United States. The considerations mentioned in the comment regarding match heat output to balance
temperatures are implemented, in a manner similar to those proposed for thermal blending at the proposed
repository, at the nuclear facilities. The Science and Engineering Report contains more information on blending
strategy and proposed facilities (DIRS 153849-DOE 2001).

DOE filed suits on March 2, 2000, in the U.S. District Court for the District of Nevada, and on March 3, 2000, in
Nevada’s Fifth Judicial District Court for injunctive relief to overturn the Nevada State Engineer’s Ruling No. 4848,
dated February 2, 2000, denying DOE’s water-appropriation request for 530,000 cubic meters (430 acre-feet) per
year for repository construction and operation. The State Engineer based his denial on a finding that the requested
use threatened to prove detrimental to the public interest.

On September 21, 2000, the U.S. District Court Judge granted the State’s motions to dismiss the DOE lawsuit. DOE
appealed the ruling on November 16, 2000. On October 15, 2001, the Ninth U.S. Circuit Court of Appeals ordered a
Federal judge to hear the DOE suit. The case is pending.

DOE has not developed any other plans to acquire water for the proposed repository. Depending on the final ruling,
DOE might consider other options to carry out its responsibilities under the NWPA.

The proposed Yucca Mountain design continues to plan on the use of water from Nevada Test Site water wells.
DOE will review this plan and determine what necessary cause of action is required based upon future court rulings.

7 (13472)

Comment - 010372 / 0002

Page 2-1 indicates that DOE may include as many as 6,000 more canisters under the proposed action in the
Supplement as compared to the proposals in the Draft Environmental Impact Statement, an almost 50 percent
increase. With respect to the additional canisters, there appears to be no discussion or analysis related to the
expanded repository size (105,000 metric tones [sic]), total acreage needed, and the prospects for increased juvenile
canister failures.

Response
As discussed in Section 2.1 of the Supplement to the Draft EIS, under the Proposed Action DOE would permanently

place approximately 11,000 to 17,000 waste packages containing no more than 70,000 metric tons of heavy metal
(MTHM) of spent nuclear fuel and high-level radioactive waste in a repository at Yucca Mountain.

The number of waste packages now estimated to be needed to accommodate the material has a larger range than the
10,000-to-11,000-package design described in the Draft EIS due to the potential use of smaller commercial spent
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nuclear fuel waste package designs (to reduce the heat output per waste package) and to changes to the waste
package designs for DOE spent nuclear fuel and high-level radioactive waste. Appendix A of the EIS contains
additional information on the inventory and characteristics of spent nuclear fuel, high-level radioactive waste, and
other materials that DOE could emplace in the proposed repository.

Under the Nuclear Waste Policy Act of 1982, the repository is limited to 70,000 MTHM and the EIS evaluates the
flexible design scenarios that support 70,000 MTHM. Based on public comments during EIS scoping hearings, the
EIS evaluates a possible total projected inventory of commercial spent nuclear fuel and DOE spent nuclear fuel and
high-level radioactive waste (Inventory Module 1) and the of that total inventory plus the inventories of commercial
Greater-than-Class-C waste and DOE Special-Performance-Assessment-Required waste (Inventory Module 2) (see
EIS Chapter 8). That inventory projection has not changed since the Draft EIS was published. The impacts have
been updated to reflect the flexible design. The EIS does not contemplate inventory greater than those of Modules 1
and 2.

7 (13473)

Comment - 010372 / 0003

Page 2-8 indicates that DOE would consider aging as much as 40,000 MTHM of commercial spent nuclear fuel
during a 50-year period. The surface aging proposal appears to be a significant change in basic proposals for the
repository. More than half of the total waste would be held above ground in effect creating an interim storage
facility. This change probably requires additional environmental analysis beyond this supplement. There is very
limited analysis in the Supplement as it relates to the surface aging requirement. Coincidentally, the amount of
waste considered for aging is similar to the amount proposed for the Skull Valley interim site. DOE should
incorporate the possibility of a Skull Valley site into any future waste management system. It appears that the
surface aging facility for maintaining this inventory at the Yucca Mountain site is nothing more than a thinly
disguised monitored retrievable (MRS) or interim storage facility. The co-location of a repository and an MRS is
specifically prohibited by the Nuclear Waste Policy Act.

Response
Although the flexible design described in the Supplement to the Draft EIS includes a surface aging facility for

storage of as much as 40,000 metric tons of heavy metal over 50 years, this facility has been proposed as a
repository operational option that could provide a cost-effective method of achieving a lower-temperature
repository. DOE does not agree that the siting limitations for interim storage facilities contained in the NWPA
constrain the operational flexibility of the repository or ultimately the long-term performance of the repository.
Therefore, DOE believes that the surface aging facility option constitutes a potential operational element of a
proposed repository.

The purpose of the EIS is to provide a reasonable estimate of environmental impacts that could result from the
proposed action to construct, operate and monitor, and close a geologic repository at Yucca Mountain. As such, the
Final EIS has included the impact estimates for the Proposed Action, which include both higher- and lower-
temperature operating modes. DOE believes that the range of impacts presented for these operating modes, which
include impacts resulting from construction, operation, and decommissioning of a surface aging facility (for the
lower-temperature operating mode) provide adequate information to inform the decisionmaking process.

Since DOE published the Draft EIS, the Nuclear Regulatory Commission has published the Draft Environmental
Impact Statement for the Construction and Operation of an Independent Spent Nuclear Fuel Storage Installation on
the Reservation of the Skull Valley Band of Goshute Indians and the Related Transportation Facility in Tooele
County, Utah (DIRS 152001-NRC 2000). That EIS evaluates the potential construction and operation of an interim
storage facility that would be licensed by the Nuclear Regulatory Commission for storage of commercial spent
nuclear fuel. Because of the similar size and function, impacts from this facility are likely to be similar to those of a
surface aging facility at the proposed repository.

7 (13495)

Comment - 010288 / 0009

The process of mixing fuel assemblies of different temperatures to lower a waste package temperature is
inadequately discussed in the Supplement. To blend fuels safely, the exact history of each fuel assembly must be
known. Any mistakes in record-keeping would lead to mistakes in packaging, and more uncertainties in the
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repository performance. The Supplement fails to discuss any specific plans or mechanics for fuel blending, and
makes no mention of possible impacts of incorrect record keeping.

Response
The processes planned for the blending commercial spent nuclear fuel are the same that are being used successfully

for fuel management at nuclear plants through out United States. The considerations mentioned in the comment
regarding record keeping are routinely and safely done at the nuclear facilities.

Further information on blending strategy and proposed facilities can be found the Science and Engineering Report
(DIRS 153849-DOE 2001).

7 (13514)
Comment - 010367 / 0005
“Blending” of various temperatures is untested, timing and results unknown.

Response
An error during loading of a waste package could occur, and such events could result in excessive temperatures.

The possibility of such events has been considered, and it is expected that disposal container loading procedures will
be developed based on thermal analyses of the various waste package configurations such that sufficient margin will
be available to ensure that temperature criterion will not be violated if a loading error occurred (DIRS 150198-
CRWMS M&O 2000). Further information on blending strategy and proposed facilities can be found the Science
and Engineering Report (DIRS 153849-DOE 2001).

7.1 Repository Design

7.1 (31)

Comment - 6 comments summarized

Commenters said that the design of the waste package is preliminary and conceptual. Others said the design
described in the Draft EIS is no longer the operative design concept and it is likely to change again as more is
learned about the materials and their interaction with near-field environmental conditions at selected thermal load
conditions. Some noted that the most current design of the waste package has the two layers flipped; the Alloy-22 is
now on the outside of the canister with the carbon steel on the inside, and the thicknesses have changed.

Commenters state that because the waste package is so central to repository performance, and to the amplification or
attenuation of impacts from the repository, the EIS should contain a complete and final description of the waste
package chosen by DOE to ensure waste containment. It would also be appropriate for the EIS to comprehensively
evaluate alternative waste package designs and select the preferred design for use in a Yucca Mountain repository.
Without a preferred design, it is impossible to evaluate the environmental and human health impacts of the
repository.

Commenters were concerned that many aspects of the waste package are conceptual. Examples included statements
in Chapter 2 that the waste packages would be loaded with fissile material and neutron absorbers “if needed.”
Commenters wanted to know when and how these decisions would be made. Others said that DOE could not
conduct detailed reliability analyses on a conceptual design for the waste package.

Response
In the Draft EIS, DOE evaluated a preliminary design based on the Viability Assessment of a Repository at Yucca

Mountain (DIRS 101779-DOE 1998) that focused on the amount of spent nuclear fuel (and associated thermal
output) that DOE would emplace per unit area of the repository (called areal mass loading). Areal mass loading was
represented for analytical purposes in the Draft EIS by three thermal load scenarios: a high thermal load of 85 metric
tons of heavy metal (MTHM) per acre, an intermediate thermal load of 60 MTHM per acre, and a low thermal load
of 25 MTHM per acre. These scenarios were not intended to place a limit on the choices among alternative designs
because, as stated in the Draft EIS, DOE expected the repository design to continue to evolve in response to ongoing
site characterization and design-related evaluations. Rather, DOE selected these analytical scenarios to represent the

CR7-18



| Main Index I |V0| 3 Index ||

Comment-Response Document

range of foreseeable design features and operating modes, and to ensure that it considered the associated range of
potential environmental impacts.

Since issuing the Draft EIS, DOE has continued to evaluate design features and operating modes that would reduce
uncertainties or improve long-term repository performance, and improve operational safety and efficiency. The
result of the design evolution process was the development of the flexible design. This design focuses on
controlling the temperature of the rock between the waste emplacement drifts (as opposed to areal mass loading),
but the basic elements of the Proposed Action to construct, operate and monitor, and eventually close a geologic
repository at Yucca Mountain remain unchanged. DOE evaluated the flexible design in a Supplement to the Draft
EIS, which was released for public review and comment in May 2001.

As described in the Supplement to the Draft EIS, DOE has redesigned the waste package to include a thick outer
shell of a corrosion-resistant high-nickel alloy (Alloy-22) and a thick inner shell of stainless steel for strength. This
newer design would resist corrosion far better than the design described in the Draft EIS, and has improved the
predicted performance of the repository and reduced uncertainties associated with that performance. Section
2.1.2.2.4 of the Final EIS describes the flexible design waste package.

The type and amount of neutron absorber necessary for a specific waste package design would be determined by
DOE prior to receipt of a license from the Nuclear Regulatory Commission to receive and posses spent nuclear fuel
and high-level radioactive waste. This would have to be done consistent with a criticality analysis methodology that
had been accepted by the Nuclear Regulatory Commission. The specifics of that methodology are presented in
“Disposal Criticality Analysis Methodology Topical Report” (DIRS 101095-CRWMS M&O 1998), which DOE
submitted to the Nuclear Regulatory Commission in January 1999.

DOE has determined how many waste packages with neutron absorbers would be necessary for the alternatives
evaluated. DOE accounted for different types and quantities of neutron absorbers in the “baseline” design for the
Draft EIS (see Appendix I) to determine the quantity of toxic materials originating from the waste package
materials. The updated flexible design did not affect this baseline. The presence of neutron absorbers would not
affect degradation behavior of the waste packages.

The Final EIS addresses all aspects of the Proposed Action, including the flexible design. DOE acknowledges in the
EIS that the flexible design could be further modified or refined during the license application process, if the site is
approved for development. DOE believes that the information on the potential environmental impacts that could
result from either the Proposed Action or the No-Action Alternative complies with the Nuclear Waste Policy Act
requirements for a Final EIS to accompany any recommendation by the Secretary of Energy to the President to
approve Yucca Mountain for development as a repository. This belief is based on the level of information and
analysis, the analytical methods and approaches used to represent conservatively the reasonably foreseeable impacts
that could occur, and the use of bounding assumptions where information is incomplete or unavailable or where
uncertainties exist.

7.1 (33)

Comment - 10 comments summarized

Commenters said that storage casks at some commercial reactor sites have prematurely failed. Problems experienced
with storage casks such as the Ventilated Storage Cask, Model 24 system used at the Palisades site and the Transtor
system used at the Trojan site suggest that problems with waste package at the repository are inevitable.
Commenters stated that the cask design for Plant Hatch is flawed; the process used to design and certify cask
designs is not standard, promotes using cheap materials, allows easy changes to designs; and cask design and
operations are not tested correctly, vent holes are too small, coatings create flammable hydrogen, ground down
welds are too thin, designs are changed for every reactor site, and coatings are painted on rather than baked on,
causing turbidity problems in pools.

Response
The issues noted by the commenters are widely documented in bulletins of the Nuclear Regulatory Commission,

inspection reports, letters, and other public documents. Many of these issues resulted from a failure of the licensee to
adequately implement the required quality assurance and quality control programs; however, they are important
because lessons were learned that can be applied to existing and future storage system technologies.
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Spent nuclear fuel storage systems, like the one used at Palisades, are designed and licensed to the requirements of
10 CFR Part 72; spent nuclear fuel transportation systems are designed to the requirements of 10 CFR Part 71; and
disposal systems are designed to the requirements of 10 CFR Part 60. The storage systems designed only to 10 CFR
Part 72, like the Model 24, would not be used for transportation or disposal. As discussed in this EIS, the spent
nuclear fuel located at the 72 commercial and 5 DOE sites would be transported to the repository in casks licensed
to the requirements in 10 CFR Part 71.

DOE acknowledges the difficulties in design and implementation of effective quality assurance programs.
However, much has been learned over the past decades related to fabrication, installation, and maintenance of
components important to nuclear safety. As part of the waste package performance analysis, DOE conducted a
comprehensive evaluation of fabrication processes that indicated that, for the current design and with a strong
quality assurance program, the Department anticipates only a small number of early failures. The updated analysis
in the Final EIS projects the very unlikely event of between zero and five packages failing due to manufacturing
defects. A strong quality assurance program would ensure proper fabrication, stress relief, and testing of the waste
packages before emplacement.

7.1 (191)

Comment - 20 comments summarized

Commenters stated they were not convinced that the technology exists to design and fabricate a waste package that
would last for thousands of years. Others were not convinced that DOE has the ability to confidently predict the
performance of waste casks far into the future. Some said that the waste casks must last for 10,000 to 250,000 years
without leaking and that this was impossible. Others said that the casks would deteriorate after 100 years. Some
noted that the EIS even admits that some waste casks would fail within the next thousand years; after 10,000 years
all the canisters may degrade and release radioactivity into the water and air. Still others wanted to know how DOE
could conclude that the waste packages would last so long when the design of these packages has yet to be finalized,
and could still change substantially during the licensing process. Some said that up to 95 percent of waste
containment may be achieved with the waste package, yet very little information about its long-term performance
capabilities has been developed, including the testing of full size waste packages for extended periods of time and to
the point of failure.

Response
The waste packages and waste handling facilities are being designed and fabricated to meet the applicable Federal

regulations, which include rigorous testing requirements. Section 2.1.2.1.1 of the EIS summarized the process by
which waste packages would be loaded and sealed. All unloading of waste from transportation casks and loading
and sealing of waste packages would be performed remotely in a manner similar to the way casks and canisters are
loaded today for transportation and storage. DOE has extensive experience in designing, fabricating, testing, and
implementing use of nuclear components. Over the past 30 years, there have been more than 2,700 U.S. spent
nuclear fuel shipments in transportation casks with no releases.

DOE acknowledges that it cannot build a waste package that can be guaranteed to provide perfect containment
forever. The EIS provides DOE’s best estimate of the impacts that could occur when the containment system
inevitably degrades. The Environmental Protection Agency, in promulgating the Yucca Mountain environmental
protection standards (40 CFR Part 197), also recognized that with the current state of technology, it is impossible to
provide a reasonable expectation that there will be “zero” releases over 10,000 years or for a longer period.
Therefore, the Environmental Protection Agency has established standards that would protect human health and
safety. These standards do not require complete isolation of the wastes over the compliance period (that is, 10,000
years) or the period of geologic stability (taken to be 1 million years). The goal of a performance assessment for
Yucca Mountain supporting the site recommendation decision and later licensing (if the site was recommended) is to
evaluate whether the repository is likely to meet these standards. The goal of this EIS is to project possible impacts
using similar modeling technology. Chapter 5 of the EIS presents the results of these efforts, which show that
releases under the Proposed Action would not exceed environmental protection standards (40 CFR Part 197) within
10,000 years of repository closure.

The design of the waste package, including its construction materials, has evolved from that used for the Viability
Assessment reference design to the flexible design. While both use a two-layer waste package, the flexible design
places the corrosion-resistant material on the outside rather than the inside the package to provide long-term
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protection to the more corrosion-susceptible structural material. The current waste package design includes a thick
and very corrosion-resistant nickel-based alloy (Alloy-22) as the outer barrier, over a thick stainless-steel inner liner.
Data on the corrosion performance of the waste package materials (including the internal structure) have been
collected from DOE tests and from research literature. Testing would continue during waste emplacement and
preclosure to collect long-term data under conditions prototypical of those expected at Yucca Mountain. The data
generated would continue to be used by the scientists and engineers to determine the long-term performance of the
materials as a part of the determination of total system performance in compliance with regulatory standards.

DOE based the development of models that predict the performance of corrosion-resistant, nickel-based Alloy-22 in
the repository on data from research literature and testing. The Department performs long-term tests under expected
repository conditions (months to years), and short-term tests (days to weeks) under expected repository conditions
and conditions much more aggressive than those expected in the repository environment to provide confidence in
the long-term performance of the materials. The American Society for Testing and Materials codified this approach
(DIRS 105725-ASTM 1998). Analyses of the tests use a suite of tools, including standard microstructural
evaluation and atomic force microscopy, which permits the examination of surface films in such great detail that
DOE can evaluate even very slow degradation rates. DOE intends to continue to test samples of Alloy-22 (and other
alloys that would be exposed in the repository) in the laboratory for decades to confirm the results collected to date.
In addition, DOE would explore analogs of Alloy-22 to provide confidence in its performance.

DOE based the materials selection on the input of recognized subject-matter experts and laboratory tests, and from
material performance observed in full-size industry applications. The corrosion tests involve Alloy-22 and other
candidate waste package materials subjected to environments that are at least as aggressive as any expected inside
Yucca Mountain. DOE would continue these tests during waste emplacement operations to confirm the expected
waste package performance.

If the Secretary recommended the site to the President and the site was approved for further development, DOE
would initiate testing as part of the performance confirmation program, elements of which would address the
engineered barrier system. The purpose of this program would be to evaluate the adequacy of the information used
to demonstrate compliance with performance objectives. The performance confirmation program, which would
continue through closure of the repository (possibly more than 300 years after the end of waste emplacement),
would monitor conditions at the waste packages in emplacement drifts and other systems important to performance,
thereby reducing uncertainties.

7.1 (831)

Comment - EIS000160 / 0002

The Department is clear that the Yucca Mountain site cannot be depended upon to contain the waste. But rather
than abandon the site, it is set out to design the undesignable: a container that can guarantee it will isolate the waste
for as long as it remains hazardous. It is impossible for the Department -- regardless of what new technology or
alloy may be invented -- to certify that an engineered container will hold up over the hundreds of thousands of years
necessary to protect the environment and the public from releases from the site.

If we now accept that we must rely upon engineered barriers to contain the waste, then this program needs to be
scrapped and redesigned from the bottom up. Yucca Mountain could not be said to have any distinct geologic
advantage over any other site. There is a real possibility that no proposed geologic site in the United States would
be able to meet the fundamental requirements for waste containment.

Response
DOE acknowledges that it cannot build a containment system that can be guaranteed to provide perfect containment

forever. The EIS provides DOE’s best estimate of the impacts that would occur when the containment system
inevitably degrades. DOE does confirm in the EIS that the Proposed Action would be likely to result in release of
radioactive contamination to the environment beginning as early as a few thousand years after repository closure.
However, the EIS also shows that these releases under the Proposed Action would be far below environmental
protection standards (40 CFR Part 197) within the 10,000-year compliance period for the repository, standards
specifically enacted to ensure the safety of future generations.
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The current approach by DOE is consistent with the NWPA, which recognizes the use of engineered features
especially for defense-in-depth as noted in the following words from the Act:

“Such criteria shall provide for the use of a system of multiple barriers in the design of the repository...” [42 U.S.C.
10141(b)(1)(B)].

In addition, environmental standards recently issued by the Environmental Protection Agency for Yucca Mountain
(40 CFR Part 197) as well as those issued by the Nuclear Regulatory Commission (10 CFR Part 63), require that
DOE provide a reasonable expectation that the system (natural plus engineered barriers) would meet the
performance objectives for the period after permanent closure. The analysis in the EIS suggests that these standards
can be met by the total repository system (see Section 5.4.2).

To reduce the uncertainty inherent in long-term predictions of complex engineered and natural systems and improve
the confidence in the system’s ability to ensure safety at Yucca Mountain, DOE made physical changes to the
engineered system (for example, more robust and corrosion-resistant waste packages). The improved design and
modeling approaches represented by the flexible design in the Final EIS show peak doses that would be much
smaller than the values published in the Draft EIS at the most populous locations (see Section 5.4.2).

However, not all of this reduction is due to improved engineered systems. A substantial reduction would be due to
more realistic models that better account for factors in the natural system. Part of the compliance strategy is a
defense-in-depth approach under which various components of the engineered and natural system would supply
independent attenuation of dose impacts.

7.1 (1220)

Comment - EIS000296 / 0006

We’re very concerned about some of the technical reviews that have taken place in the last couple of years about the
Department of Energy’s work on containers. Alloy C-22, for example, under certain conditions, can be not passive
and so can actually have penetration and a loss of integrity in only a few tens of years. So relying on containers is
just not going to be workable, and pretending that there is a solution to the waste management problem is a grave
danger because there are real problems to high-level nuclear waste. And pretending that there’s a solution just
creates the incentive on the part of industry to extend their life, like Duke at Oconee 1, 2 and 3, and as nuclear
utilities across the country are going to the NRC [Nuclear Regulatory Commission] to do right now. So pretending
that you’ve got a solution causes a much bigger problem.

Response
DOE recognizes that any man-made material will fail under very adverse conditions given enough time. However,

the potential for such adverse conditions to exist at Yucca Mountain is extremely low. Based on technical data to
date, DOE is confident that the Alloy-22 of the outer waste package would be stable for extremely long periods. To
further increase confidence in the long-term performance of Alloy-22, DOE is performing very-long-term testing
under actual conditions and somewhat adverse conditions. In addition, DOE would examine waste packages
remotely for several decades prior to closure of the repository for performance confirmation.

7.1 (2647)

Comment - EIS000409 / 0005

Plans for the Canisters: Is there any metal or metallic compound that can withstand temperatures of 300° - 360°C?
The Nelson limits were created by observation of catastrophic failure whenever metallurgy was not appropriate to
contain a variety of elements under harsh conditions. At the NRC [Nuclear Regulatory Commission] & DOE
meetings 1 out of 100 canisters would blow. Is this the reason for the 12 mile buffer zone in the EIS?

MC I (my bugs) will enjoy eating the canisters (as proved by the tests performed by Livermore Labs at YM [Yucca
Mountain] and the bugs will add even more poison into the water in the leaky mountain. Liability for on site
accidents is also unknown.

Response
The EIS analyses did not reveal any instances where waste package temperatures would exceed 300°C (570°F).

Such temperatures would only be possible from an igneous intrusion, which is an exceedingly unlikely disruptive
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event. Maximum waste package temperatures would be less than 300°C at all times. Both stainless steel and Alloy-
22, the principal waste package materials evaluated for the flexible design in the Final EIS, are routinely subjected
to higher temperatures in industrial applications. DOE is performing tests to examine the properties of Alloy-22 at
elevated temperatures over extended periods.

The Nelson limits (Nelson curve) mentioned by the commenter is mainly applicable to embrittlement of carbon
steels exposed to high (for example, greater than 100 pounds per square inch) partial pressures of hydrogen gas at
high temperature [300° to 360°C (570° to 680°F)]. However, these limits do not apply to the waste packages because
very little hydrogen gas is present and, for the updated flexible design, carbon steel is no longer used as one of the
barriers. DOE has investigated hydrogen embrittlement for the waste packages and determined it not to be an
important failure mechanism.

DOE disagrees with the assertion that the waste packages would rupture due to temperature induced internal
pressures. Pressures of sufficient level to cause package rupture could only occur with temperatures far higher than
those expected in the repository.

With regard to the 20-kilometer (12-mile) buffer zone [revised to 18 kilometers (11 miles) for the Final EIS based
on recently finalized 40 CFR Part 197 regulations], for purposes of analysis, the extent of a land withdrawal area is
important to understanding the impacts of the Proposed Action. For example, the magnitude of impacts to a
member of the public from an accident at an operating repository would be determined in part by the proximity of
the land withdrawal area to the repository operations areas. However, the withdrawal area is only in effect while
there is active institutional control. For the Final EIS, the approximately 18-kilometer location prescribed by the
regulators (40 CFR 197.21) for calculating potential doses to the reasonably maximally exposed individual was not
based on the proposed land withdrawal boundary. This receptor location was based on the likely future location of a
small community of persons and farms, given the physical setting of the potentially affected area, and the depth to
water in that setting.

DOE acknowledges that certain microbes can survive on metallic surfaces under the right conditions (based on tests
conducted at Lawrence Livermore National Laboratory on microbiologically influenced corrosion (DIRS 110016-
Horn et al. 1998). However, the microbes do not eat the metal. The microbes may secrete substances that can alter
the corrosion environment on the waste package. Studies of corrosion of the titanium drip shields indicate that the
effect of microbial growth on the corrosion potential is not significant and the initiation of crevice corrosion under
biological films formed on titanium has never been observed. Therefore, the drip shield material would not be
affected by microbially influenced corrosion. Studies indicate that the Alloy-22 can be subject to this effect if the
humidity exceeds 90 percent and sufficient nutrients exist. In the analysis used for the Final EIS, microbially
influenced corrosion of Alloy-22 is represented by a corrosion enhancement factor represented in the probabilistic
sampling of the analysis of long-term performance by a uniform distribution between 1.0 and 2.0.

7.1 (3482)

Comment - EIS001185 /0001

What is the construction of the containers that will contain the nuclear waste? Will the waste be encased in an inert
material such as glass? What assurance do we have for our children and grandchildren that there will be no leakage
before the material is inactive? Are the final burial containers the same as those used for transport?

Response
As described in the Supplement to the Draft EIS (issued for public review in May 2001) and the Final EIS, the waste

package would be a cylindrical container with a thick outer wall of high-nickel alloy (Alloy-22) and a thick inner
wall of stainless steel. DOE selected the high-nickel material for corrosion resistance and the stainless steel, which
is also corrosion resistant, for structural strength. The engineered barrier system, which would include the waste
package as a key element, would preclude releases that represented a risk to populations for 10,000 years after
repository closure.

The waste packages that DOE would place in the repository would be very different from the shipping casks used to
transport the waste to the repository. The shipping casks would be large containers designed for transport by railcars
or trucks. The shipping cask would be designed to protect people from exposure to radiation and to contain the
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waste in the event of a severe transportation accident. The Nuclear Regulatory Commission would license the
container designs for waste transport, but not for disposal in the repository.

Sections 5.2.2 and 1.2.4 of the Final EIS contain more information on the design and expected lifetime of the waste
package.

7.1 (4872)

Comment - EIS000337 /0010

Pg. 2-57: The three bullets indicate that DOE will continue to study design improvements. Why can’t these studies
be used in the No-Action Alternative and thus improve the storage life at the various sites?

Response
The Nuclear Regulatory Commission, the Electric Power Research Institute, and DOE are currently sponsoring a

program to examine fuel that has been in dry storage for 15 years. These studies might result in improved designs
for onsite storage facilities. However, under the NWPA, DOE is responsible for determining the suitability of the
Yucca Mountain site for a geologic repository. The determination of site suitability will be based on the expected
long-term performance of the natural and engineered barriers. The engineered barriers include the waste package. It
is prudent, therefore, that DOE continue to investigate improvements to the design of the waste package that could
further reduce the eventual release of radioactive materials from the repository.

Future improvements in dry storage technology could reduce the environmental consequences of the No-Action
Alternative. However, DOE has no control over the storage of commercial spent nuclear fuel at utility sites.
Therefore, it would not be justified for DOE to take credit in the EIS for reductions in the projected environmental
consequences of the No-Action Alternative from unspecified, future dry storage technology.

7.1 (5368)
Comment - EIS001887 / 0085
Page 2-32; Section 2.1.2.2.2 - Waste Package Design

The current design of the waste package has the two layers flipped. The Alloy-22 is now on the outside of the
canister with the carbon steel on the inside.

Response
The current waste package design utilizes a thick outer barrier of a corrosion-resistant nickel-based alloy over a

thick inner structural liner of stainless steel. This is a change from the early design in the Draft EIS. This newer
design has expected superior corrosion performance, so that the Draft EIS results are conservative in regard to waste
package lifetime. The Final EIS includes the current waste package design.

7.1 (5369)
Comment - EIS001887 / 0086
Page 2-32, Section 2.1.2.2.2 - Waste Package Design

Issues of criticality are addressed by stating that neutron absorbers (if needed) would be placed within the waste
package so that no criticality could take place “even if the package somehow became full of water.” There is no
discussion of the resultant possible steam explosion that could occur if water made contact with the waste form. A
steam explosion could be almost as bad as a criticality incident. Any kind of explosion inside an emplacement drift
could be detrimental to the entire repository block.

Response
The potential for a steam explosion, or any other kind of explosion, inside a waste package or within an

emplacement drift is not credible. Rapid expansion of water to create a “steam explosion” would require an
appreciable amount of water being dumped on the waste form while temperatures are well in excess of 100°C
(212°F). As discussed in Section 1.4.3.3 of the Draft EIS, penetration of the outer barrier of the waste package
would not be expected before 800 years. Penetration of the inner barrier would only be expected in a very small
fraction of the emplaced waste packages within 10,000 years. Such failures would be the earliest opportunities for
water to contact the waste form. By this time, waste temperatures would be well below 100°C. For the flexible

CR7-24



| Main Index I |V0| 3 Index ||

Comment-Response Document

design evaluated in the Final EIS, package failures would be expected to occur later than with the Draft EIS design
because of improved waste package design and the addition of titanium drip shields.

7.1 (5370)
Comment - EIS001887 / 0087
Page 2-34; Figure 2-21 - Conceptual design of waste package in emplacement drift.

The current conceptual design of the emplacement drift does not include a concrete liner. The current conceptual
design of the emplacement drifts should be described in Section 2.1.2.2.3, Waste Package Emplacement Operations.

Response
DOE believes that ongoing site characterization and design-related evaluations would demonstrate a continued

improvement in repository performance and a reduction in associated uncertainties. However, DOE also recognizes
that since publication of the Draft EIS, certain key aspects of the design (for example, waste package design and use
of drip shields) have changed in ways that are important to repository performance and reduction in uncertainties.
For this reason, DOE published the May 2001 Supplement to the Draft EIS, which focuses on the most recent base
design, including various thermal management strategies. DOE believes that the level of information provided for
each element (for example, waste handling facilities, heat management scenarios, and transportation alternatives and
scenarios) of the Proposed Action is sufficient to provide a meaningful assessment of environmental impacts for
review by the public and the decisionmakers, and thus the timing of the EIS is appropriate.

7.1 (6422)

Comment - EIS001632 /0010

Page 2-32: The second paragraph contains a general description of the waste package used for the performance
assessment. The description of the waste package must be updated in the Final EIS.

Response
As described in the Supplement to the Draft EIS and incorporated into the Final EIS, the waste package has been

redesigned to include a thick outer shell of a corrosion-resistant high-nickel alloy (Alloy-22) and a thick inner shell
of stainless steel for strength. This newer design would resist corrosion far better than the design described in the
Draft EIS, and would improve the predicted performance of the repository and reduced uncertainties associated with
that performance. Section 2.1.2.2.4 of the EIS describes the waste package design.

7.1 (6481)

Comment - EIS001774 / 0003

There is not a shred of evidence to support that thermally hot, highly radioactive fuel rods will stay intact at any site.
We’re supposed to comment on non-existent and untested technology at an inappropriate site. According to DOE
document DE-AC04-84A-25747, “These wastes have a potential for causing great harm.” They are thermally hot,
250,000 BTUs per hour and highly radioactive. A ruptured cask either in transport or in the dump itself would be a
major environmental disaster that could contaminate a large area. The recent small disaster in Japan would be
nothing compared to a breach of containment.

Response
The waste that DOE would place in the repository would be mainly commercial spent nuclear fuel and DOE high-

level radioactive waste. The spent nuclear fuel would be clad in an alloy of zirconium containing small alloying
additions. It would be very resistant to corrosion, and the chemical industry has used it for more than 50 years to
contain very aggressive chemical solutions. The cladding has operated at high temperatures and pressures in
commercial nuclear reactors for as long as 3 years before removal and storage at the reactor site. Only a very small
fraction of this cladding, less than 1 percent, has failed in service, and failure rates have decreased with
improvements in fuel-rod design. Through modeling, DOE evaluated the degradation of this cladding in the
repository and found that it would remain intact for thousands of years.

As described in the Supplement to the Draft EIS and the Final EIS, the waste package has been redesigned to
include a thick outer shell of a corrosion-resistant high-nickel alloy (Alloy-22) and a thick inner shell of stainless
steel for strength. DOE has evaluated the waste package design for resistance to chemical and mechanical
degradation and evidence suggests that waste packages would survive intact for tens of thousands of years. DOE’s
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confidence in the corrosion resistance of Alloy-22 is bolstered by years of industry experience, input from
independent experts, ongoing lab tests that would continue well into the repository operations period, and a
fabrication program that is examining the impact of fabrication and welding on material performance.

DOE recognizes that accidents could occur during the transportation of spent nuclear fuel and high-level radioactive
waste. For this reason, the EIS evaluates risks and impacts to the public from accident scenarios that are highly
unlikely but that would have severe consequences (called maximum reasonably foreseeable accident scenarios). For
the maximum reasonably foreseeable accident scenarios, the analysis selected the accident scenario from the 32
possible combinations of weather conditions, population zones, and transportation mode that would have a
likelihood greater than 1 in 10 million per year and would have the greatest consequences. Table 6-12 lists the
impacts from such an accident.

In a similar manner, DOE has evaluated potential impacts from accidents that could occur at the repository that
could result in a cask rupture. The results of these accident scenarios are presented in Section 4.1.8 of the EIS.

7.1 (6576)

Comment - EIS000817 / 0001

The history of dry cask storage of the VSC-24 cask, which was a complete fiasco, is a foretelling of the future of
cask behavior at Yucca Mountain.

Response
Waste would be emplaced in waste packages, not casks. The materials used to construct the waste packages would

be thoroughly tested throughout the decades-long period prior to closure of the repository. The waste packages
themselves would be subject to thorough nondestructive testing. In addition, prototype waste packages would be
tested to confirm that they would withstand design-basis accidents.

7.1 (7049)

Comment - EIS001337 /0011

Lincoln County and the City of Caliente encouraged DOE to consider alternatives for accomplishing the waste
emplacement phase of the repository within the DEIS. The County and City noted that perhaps most important
would be the evaluation of various candidate materials from which waste packages might be fabricated. Options
suggested by the County and City which DOE might consider include those characterized as corrosion resistant,
corrosion allowance, and moderately corrosion resistant. Each option was noted as performing differently under
alternative thermal and geochemical environments. The County and City recommended that each alternative
considered in the DEIS be characterized by varying contributions to risk management, cost and uncertainty. The
County and City recommended that a similar evaluation be included for alternative materials for fabrication of waste
package baskets. The DEIS does consider alternative design concepts and design features intended to limit release
and transport of radionuclides. The DEIS does not provide an assessment of the relative contributions to risk
management, cost and uncertainty associated with each alternative considered. The information in the DEIS is
therefor of limited value for decision-support.

Response
As encouraged by Lincoln County and the City of Caliente, DOE has considered, and continues to consider,

enhanced or improved methods of implementing waste emplacement, including waste package materials and
repository design.

As a result of the evaluations in the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE
1998) and concerns such as those of the Total System Performance Assessment Review Panel, DOE modified the
waste package design and added a drip shield over the waste packages. The waste package would have Alloy-22 as
the outside layer with stainless steel on the inside. The titanium drip shield would add further defense-in-depth to
the design.

DOE based the waste package corrosion model in the Final EIS on the corrosion experiments on Alloy-22 at
Lawrence Livermore National Laboratory. Those experiments showed that Alloy-22 is very corrosion-resistant and,
even accounting for uncertainty, would be unlikely to fail for many thousands of years.
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Because of these evolving design changes, DOE issued a Supplement to the Draft EIS in May 2001. The
information in the Supplement, which DOE has incorporated to the Final EIS, describes the potential impacts
associated with the design modifications. In the case of the Alloy-22 package material, DOE considered its thermal,
mechanical, and chemical performance (corrosivity), ease of fabrication, costs, and compatibility with other
materials.

7.1 (7376)

Comment - EIS001614 / 0002

I would like to comment on why I believe Yucca Mountain will fail to isolate waste. DOE’s own data shows that
Yucca Mountain site will fail to contain nuclear waste. Radioactive gases will be released and radioactive waste
will be washed into the groundwater a short time after the first containers fail.

Containers do fail. About 70 dry storage casks are in use at reactors. There is already one juvenile failure, a cask
with a faulty weld in less than 20 years. Repository casks will be made of different material, but the manufacturing
will be subject to the same problems. There will be more than 10,000 repository casks, and so likely hundreds of
early cask failures.

Response
DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. The EIS

provides the Department’s best estimate of the impacts that could occur when the containment system inevitably
degraded. The EIS confirms that the Proposed Action would be likely to result in release of radioactive
contamination to the environment after repository closure. However, the EIS shows that these releases under the
Proposed Action would not exceed environmental protection standards (40 CFR Part 197) within 10,000 years of
repository closure, standards specifically enacted to ensure the safety of future generations.

In addition to the 10,000-year compliance period, DOE has evaluated potential impacts for the period of geologic
stability at the repository (that is, 1 million years). This evaluation was performed in accordance with 40 CFR
Part 197 to gain insight into the long-term performance of the repository and thus provide information for the
decisionmakers in making both design and licensing decisions. These results show a mean peak dose rate that is
much lower that background levels (see Chapter 5 of the EIS for details).

The Yucca Mountain Repository, as described in the Supplement to the Draft EIS, would include a robust
engineered barrier system designed specifically to work with the favorable natural barrier system at Yucca
Mountain. The waste package would not be the only engineered barrier. The engineered barrier system design has
evolved since the publication of the Draft EIS and will continue to evolve. The current design includes a more
robust and corrosion-resistant waste package and a titanium drip shield above each waste package for defense-in-
depth against corrosion. In addition, the structural steel material used for ground support in the drifts and the
titanium drip shields would protect the waste packages against rockfalls.

DOE understands the concern about the use of dry storage casks. However, the Department would not use such
casks for disposal in the repository. The problem cited in the comment has been widely documented in Nuclear
Regulatory Commission bulletins, inspection reports, letters, and other public documents; it was attributed in large
part to the failure of the licensee to implement the required quality-assurance and quality-control standards.
However, no measurable consequences have resulted from weld defects, and this type of storage cask is still safely
in use.

The longevity of the waste package is a principal factor in the EIS safety case. The evaluation of alternative waste
package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years for the reference
dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions. This container
would consist of an inner shell of stainless steel and a thick, corrosion-resistant outer shell of a high-nickel alloy
(Alloy-22). The updated analysis in the Final EIS projects the possibility of between zero and five packages failing
due to manufacturing defects.
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7.1 (7576)

Comment - EIS001912 / 0069

Almost 95 percent of waste containment is now being attributed to the waste package. DOE must include a
discussion of information about waste packaging materials, which supports a level of performance capable of
meeting the regulatory standard.

Response
The engineered barrier system, of which the waste package is a key part, would prevent the annual dose to an

average individual living 18 kilometers (11 miles) from the repository from exceeding 15 millirem total effective
dose from all pathways and all radionuclides in the first 10,000 years after closure, as prescribed in 40 CFR Part
197. As described in the Supplement to the Draft EIS and in the Final EIS, the long-term performance calculations
were based on a waste package with a thick outer wall of high-nickel alloy (Alloy-22), which is highly corrosion-
resistant, and a thick inner layer of stainless steel, which is also corrosion-resistant, and which would provide
structural strength. This design includes a support structure for the waste package of Alloy-22 and a drip shield of
titanium.

7.1 (7611)
Comment - EIS002027 / 0002
When it’s stored will the containers open or crack because the molecules are expanding?

Response
DOE anticipates that most of the waste packages would not open or crack for any reason for at least 10,000 years.

The materials used to fabricate the waste packages would be stable alloys. The fabrication welds in the waste
packages would be annealed and thoroughly inspected to prevent the initiation of any type of failure as a result of
fabrication defects. Increases in internal pressure due to high temperatures would not be sufficient to cause a waste
package to rupture. In addition, DOE would monitor the waste packages for as long as practicable up to the time of
permanent closure to verify performance.

7.1 (7927)

Comment - EIS000817 / 0040

And the sodium and aluminum salts in HLW need close evaluation as to [their] eventual interaction with cask
materials (as things break down in a repository).

Response
Corrosion of the waste packages in the repository, given enough time, is inevitable. Before the start of site

characterization, there was a general belief that thin-walled stainless-steel waste packages would be sufficient. The
evolving design of the repository, as described in the Supplement to the Draft EIS and the Final EIS, now includes a
more robust waste package and titanium drip shields to delay by more than 10,000 years the release of radionuclides
from the repository.

DOE’s understanding of corrosion is based on research literature and long- and short-term testing of the waste
packages. These tests are conducted under conditions that are expected in the repository, as well as very aggressive
conditions. The American Society for Testing and Materials codified this approach in Standard Practice for
Prediction of the Long-Term Behavior of Materials, Including Waste Forms, Used in Engineered Barrier Systems
(EBS) for Geological Disposal of High-Level Radioactive Waste (DIRS 105725-ASTM 1998). The tests use
standard microstructural evaluation and atomic-force microscopy to examine surface films in such detail that DOE
can evaluate extremely slow rates of degradation. DOE would continue to test samples of Alloy-22 (the waste
package material) and other materials for many decades to confirm the results that have been collected to date.

7.1 (7931)
Comment - EIS002005 / 0001
My class is studying on the nuclear waste and I was just wondering what it’s like down there.

Where does the waste go every month? Do you burn everything that’s trash and what time do you leave from the
nuclear waste?
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Response
At present there is no radioactive waste disposal taking place at Yucca Mountain. This EIS evaluates potential

impacts for the proposed repository if the site is approved. DOE scientists at Yucca Mountain are studying the
inside of the mountain via an 8.9-kilometer (5.5-mile) long tunnel bored through the rock into the mountain. Inside
the tunnel, it is mostly dry and fairly warm throughout the year.

Spent nuclear fuel and high-level radioactive waste cannot be treated by burning, and DOE has no plans to burn any
types of waste at the proposed repository. If the site was approved, the waste transported there would be emplaced
in the mountain. DOE plans to dispose of low-level waste from repository operations at a low-level waste disposal
facility at the Nevada Test Site.

7.1 (8000)

Comment - EIS000817 / 0055

You talk about neutron absorbers. You don’t know how long they will maintain their integrity. That is a big
question here. It is not time tested for dry cask storage yet.

Response
The most important function of the neutron absorber would be to absorb neutrons and reduce the potential for

criticality. The absorber material is typically an additive material (for example, stainless steel alloyed with a boron
compound). The carrier material with the added neutron absorber would be part of the internal structure in the waste
package. Corrosion behavior would be important in keeping the absorber material in place and effective in
controlling criticality long after emplacement. Therefore, DOE used chemical performance in a variety of
environments as an important selection criterion. In addition, the Department used mechanical performance as an
evaluation factor because the internal components must be able to sustain mechanical loads due to handling,
emplacement and, if necessary, retrieval. The analysis considered compatibility with other materials because the
neutron absorber components must not degrade the waste form. These components provide an important path for
conducting heat from the fuel to the waste package layers, so the analysis considered thermal performance. The
material of choice for the neutron absorber is Neutronit A978. DOE based this selection on the corrosion
performance of this material in comparison to other candidate materials and available boron concentration

(DIRS 138192-CRWMS M&O 2000). The composition of Neutronit is similar to that of American Society for
Testing and Materials standard Type 316, but with 1.6 percent boron. Based on the selection process used and the
performance of similar material, there is no reason to expect untimely failure of the neutron absorbers.

7.1 (8004)

Comment - EIS000817 / 0059

So many unexpected problems have developed already. Nobody expected coating reactions or that they would have
to UT [ultrasonically test] the seal welds. There are too many unknowns in dry cask storage to already think of
disposal casks that will really work as planned. All you have is a “preliminary conceptual” design. I read the full
transcript of the Nuclear Waste Technical Review Board meeting on this cask design and if shrink fitting is still an
option, I think it’s a mistake. Not enough experience with this.

Response
DOE understands the commenter’s concern about the use of dry storage casks. However, DOE would not use such

casks for disposal in the repository. As described in the Supplement to the Draft EIS (released for public review in
May 2001) and in the Final EIS, the design of the repository now includes a more robust waste package and titanium
drip shields. This design would delay by more than 10,000 years the release of radionuclides from the repository.

The unexpected problems mentioned by the commenter presumably refer to use of the Ventilated Storage Cask,
Model 24 (VSC-24) storage system. These problems are widely documented in bulletins of the Nuclear Regulatory
Commission, inspection reports, letters, and other public documents. The VSC-24 storage system uses a mostly
carbon-steel fuel basket (internals and shell) with anti-corrosion coatings. The majority of the spent-fuel storage
technologies use stainless steel and no or limited amounts of anti-corrosion coatings. Many of the problems of the
VSC-24 system resulted from a failure of the licensee to adequately implement the required quality-assurance and
quality control programs. Several problems were associated with the anti-corrosion coatings and hydrogen-induced
weld cracking. The weld defects were detected using the inspection and testing procedures approved by the Nuclear
Regulatory Commission that are intended for this process and resulted in no release of radioactive material. The

CR7-29



| Main Index I |V0| 3 Index ||

Comment-Response Document

Nuclear Regulatory Commission used its regulatory authority to formally address each of these problems, including
halting the use of this particular system until the issues were addressed and resolutions implemented. Resolutions
included design and procedural changes and development of alternate inspection techniques.

The VSC-24 problems are important in that lessons have been learned that can be applied to existing and future
storage-system technologies. However, the problems that occurred with one system do not support the claim that
dry-storage-cask systems approved by the Nuclear Regulatory Commission would not work. DOE believes that dry
storage and transportation technologies that have been approved by the Nuclear Regulatory Commission are sound
and viable. In support of this view are the thousands of shipments of spent nuclear fuel that have been transported
safely over the past several decades.

7.1 (8029)

Comment - EIS000817 / 0073

Fuel rods in dry storage are likely to be environmentally secure for long periods -- you state this as if you have some
evidence -- what, I’d like to know? The “generic” (so-called -- but each one gets so many changes, it ends up “site-
specific” anyway) casks NRC [Nuclear Regulatory Commission] is certifying are new designs -- never built or
tested in full scale -- with real fuel over time -- never unloaded. You have no real evidence from fuel stored in any
of these cask designs to prove this “likelihood” you refer to. 1’d like to see each cask design unloaded after 5, 10, 15
years and an inspection of assemblies inside and full evaluation of impacts of unloading on the cladding and pellets.
All your computer analysis will not tell us the real thing any more than all the computer analysis for the VSC-24
[Ventilated Storage Cask, Model 24] told us that a coating would cause a hydrogen explosion. If nobody enters the
right data, nobody knows about uncertainties, right? There are too many uncertainties. Test the real thing. Unload
casks. This has to be done. I’ve been requesting it for years and years.

Response
Both Canada and Germany have evaluated spent nuclear fuel in dry storage. The United States has not performed

any analysis until recently on the behavior of spent nuclear fuel in long-term dry storage. As part of a cooperative
program among DOE, the Nuclear Regulatory Commission, and the Electric Power Research Institute, spent nuclear
fuel in dry storage is now being examined. Recently, a dry storage cask that has been located on a concrete pad at
the Idaho National Environmental and Engineering Laboratory for more than 13 years was opened and the

17 assemblies of Surry fuel have been examined remotely using a video camera. No changes were observed. One
assembly was chosen, and selected rods were removed for further nondestructive and destructive analysis. The
nondestructive analysis is in progress.

The temperature of the spent nuclear fuel in the repository, and the rate of its degradation, would decrease over time.
Thus, there is little benefit to evaluate the condition of spent nuclear fuel rods or assemblies after about 10 years of
disposal. However, testing samples of spent nuclear fuel would continue in order to confirm predictions of
alteration and release mechanisms.

7.1 (8032)

Comment - EIS000817 / 0076

You say here that most utilities and DOE have not constructed ISFSIs [independent spent fuel storage installations] -
- right! Dry cask storage is in its infancy, yet your whole plan is based on it working as predicted. Why is your EIS
based on horizontal modules rather than vertical? Horizontal, such as Nuhoms, have to rest on a pedestal. Is that
the best way? Why? Is a stainless steel outer shell the best (better than carbon steel)? -- I would think it is. But
why have you chosen this cask design above others certified by now? Where is your comparison of descriptions of
all casks on the market? Are these casks really safe in an airplane crash as you insinuate? With a fuel fire from the
plane?

Response
About one-third of the commercial utility sites have constructed, or are planning to construct, independent

installations to store spent nuclear fuel. The function and design of these installations are substantially different than
the function and design of the waste packages that DOE would place in a repository at Yucca Mountain.
Independent spent fuel storage installations are for above-ground interim storage of spent nuclear fuel that DOE
would ultimately ship to the repository. Most of the five DOE sites evaluated in the EIS have some dry-fuel-storage
capability.
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Chapter 7 of the EIS evaluates the likelihood and effects of an airplane crash into dry-vault storage facilities at
reactor sites. The consequences of such an accident would not pose undue risks to the health and safety of the
public. Airplane crashes into emplacement areas at the repository for waste packages that have been emplaced are
not an issue because the waste packages would be far underground. Aside from activities in the Waste Handling
Building, spent nuclear fuel would be at the surface only if postemplacement retrieval was required or if DOE
implemented surface aging prior to emplacement in support of lower-temperature operating mode thermal
management objectives (see Section 2.1.2.1.1.2 of the EIS).

Any design concepts for such a surface aging facility are preliminary, but it would be licensed in compliance with
Nuclear Regulatory Commission requirements (10 CFR Part 72). These requirements specify that storage modules
must be able to withstand credible accidents. If the repository was approved for development and if a lower-
temperature operating mode was selected that required surface aging, DOE would incorporate the latest dry storage
technologies into the design, including lessons learned from independent spent fuel storage installations.

DOE evaluated the consequences of an aircraft (both military and large commercial jet) crash into surface facilities
at the proposed repository, including into a potential surface aging facility. It was determined that a large
commercial jet aircraft would not penetrate the surface aging storage modules.

7.1 (8056)
Comment - EIS002026 / 0002
I think the tests on the containment casks are a waste of time. They’re minimal at the best.

Response
The Yucca Mountain repository design includes a robust engineered barrier system and takes advantage of the

natural barrier system (dry environment and geologic features). The waste package would not be the sole
engineered barrier. The engineered barrier system design has evolved since the publication of the Draft EIS and will
continue to evolve. The current design includes a more robust and corrosion-resistant waste package, in addition to
a titanium drip shield above each waste package for defense-in-depth against waste package corrosion. Structural
steel material used for ground support in the drifts and the titanium drip shields would provide protection to the
waste package against rockfall.

DOE has completed extensive evaluations of the best materials for the containment function of the waste package.
The Department performed material analysis by selecting weighting criteria and establishing grading scales.
Weighting criteria included mechanical performance, chemical performance (corrosion), predictability of
performance, compatibility with other materials, ease of fabrication, cost, previous experience, thermal performance,
and neutronic performance. Data on the performance of the materials of the engineered barrier have been collected
from tests conducted by DOE and from literature based on extensive industry experience in fabrication and use of
these materials. Testing would continue during waste emplacement and preclosure to collect long-term data under
conditions prototypical of those expected at Yucca Mountain. The data generated would continue to go to analysts
who would determine the long-term performance of the materials as a part of the determination of total system
performance in compliance with regulatory standards. In addition, DOE will implement fabrication testing of full-
diameter waste package mockups.

DOE would design and build waste packages to meet applicable Federal regulations, which include rigorous testing
requirements. The Department has extensive experience in designing, fabricating, testing, and implementing nuclear
components. Over the past 30 years, there have been more than 2,700 U.S. spent nuclear fuel shipments in
transportation casks with no releases.

7.1 (8283)

Comment - EIS001615 /0001

I would like to ask a question of the materials engineers concerning their design of the final encasement of the
products.

They’re encasing these centered fuel elements in a multi -- an engineered multilevel metal container, and they have
already said that they are producing radioactive gases inside this system that is leakproof. It will also produce
helium gas as part of the radioactive decay processes.
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I anticipate that there will be a significant increase in the pressure inside these vessels and the radiation that is
produced from the decay of these products, both beta decay and alpha decay, will cause embrittlement internally.
And because they are alpha emitters, the material will undergo alpha creep through the fractures and the gas will
enhance the fracturing process over several years.

My question to the DOE is, what is the overpressuring that will develop inside these vessels, and with cooling, will
that produce the possibility of the fracturing process? And since they are not vented, is there a possibility of helium
gas causing the fissioning of the uranium and plutonium that are inside these fuel pellets?

Response
The radiolytic gases produced from decay of the waste would be a small fraction of the total pressure of the system.

Also, this decay would not generate significant radiation damage to the waste packages. The integrated dose over
tens of thousands of years would be less than the threshold for damage for the materials selected for the waste
package. The helium generated would not cause fissioning of the nuclear material.

7.1 (8294)

Comment - EIS000817 / 0106

P. 4-88 Disposal Containers -- do not use carbon steel. Will you UT [ultrasonic test] the top welded closures? 16
different containers -- sounds like a real mess in figuring interactions when they all degrade!

Response
The waste package design analyzed in the Supplement to the Draft EIS (released for public review in May 2001) and

in the Final EIS, includes a corrosion-resistant nickel-base alloy (Alloy-22) as the outer barrier material. The
closure weld would be performed remotely. Inspection would include both visual and ultrasonic (test cut) methods.
All of the waste packages would be made from the same materials (Alloy-22 on the outside; stainless steel on the
inside) and take on the same basic shape. Thus, corrosion chemistries would be identical for all of the waste
packages.

7.1 (8299)
Comment - EIS000817 / 0108
“Polypropylene sheath”? What is the fire hazard here?

Response
DOE would use the polypropylene sheath discussed in Section 4.1.15.3 of the EIS to provide neutron shielding for

the transportation cask. The Department does not believe there would be an undue fire hazard. Polypropylene and
related materials are in use today for neutron shielding for transportation casks and other container systems certified
by the Nuclear Regulatory Commission.

7.1 (8569)
Comment - EIS000817 /0177
P. 9-16. What do you mean, “waste package self shielding”? Like what?

Response
The concept of self-shielding for waste packages as presented on page 9-16 of the Draft EIS refers to an additional

barrier around the waste package. This barrier would not necessarily provide additional corrosion resistance. This
barrier would have to be sufficiently thick to reduce radiation levels to the point where limited human access in the
emplacement drift would be possible provided air temperatures inside are low enough. The concept of self shielding
is not currently under active consideration by DOE (see Section E.2.2.10 of the EIS).

7.1 (8577)
Comment - EIS000817 / 0183
P. E-20. Self shielding sounds like a good idea.
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Response
The concept of waste package self-shielding referred to in Sections 9.2.10 and E.2.2.10 of the EIS is one of several

design features that DOE examined to assess how the design could evolve in the future and how this evolution
would relate to the assessment of environmental impacts.

The concept of self-shielding for waste packages refers to adding a shielding material around the waste package.
This barrier would not necessarily provide additional corrosion resistance. This barrier would have to be sufficiently
thick to reduce radiation levels to the point where limited human access in the emplacement drift would be possible,
provided air temperatures inside were low enough.

Potential drawbacks to self-shielding could include increases in the size, weight, or quantity of waste packages and
increased drift excavation, thus posing additional industrial safety risks. Shielded waste packages could also be
more difficult to monitor since the barriers relied upon for protection against corrosion would not be visible.
Shielded waste packages could also make it more difficult to maintain peak cladding temperatures below 350°C
(660°F) to protect the integrity of the cladding.

7.1 (8658)

Comment - EIS000817 / 0198

Be very careful to evaluate the manufacturers’ sheets on any neutron shield material. The RX277 in the shield lid of
the VSC-24 [Ventilated Storage Cask, Model 24], for example, was supposed to be baked to 350° and then moisture
was driven out -- and gases formed. The sheet, which I don’t remember in detail, said something about how high
the temperature should be allowed to go in casks and also that it could require moisture under situations. But the
main thing about any enclosed poured material like this is that it has to be completely enclosed. This material, and
material in the transfer cask wall, got wet at some locations when in the pool as all paths to the material were not
welded shut. This could be a big concern in disposal casks as some materials actually attract moisture, and if
trapped moisture is inside a cask to begin with, you have problems. Also Boral and Boral panels -- will it have
continued efficiency? And is any type of poured neutron shield really safe? -- Uncontrolled voids can cause real
problems. Also is helium in the cask dry? Really dry? Are weld areas preheated, and are welds done so that they
are as strong as the parent metal? Are they UT [ultrasonically] tested? What is the basis for the critical flaw size
acceptance? Are bolted casks better than welded ones? Is an inflatable annulus seal acceptable? Some neutron
shield material is a plastic sort of stuff and flammable. What are the highest cladding temperatures for the cask
design? How does it affect the Zircaloy? Watch for radiation streaming areas. (A lot of things to consider in dry
casks.)

Well again I do think that materials interactions in cask materials and in all materials in the repository are your
biggest unknown and your biggest problem.

Response
The current design of the waste package, as described in the Supplement to the Draft EIS, does not include any

Boral as a neutron absorber. The neutron absorber material is typically in the form of an additive material (for
example, stainless steel alloyed with a boron compound). The design of the waste package incorporates the neutron-
absorber within the internal component structure in the waste package, when needed for criticality control.
Corrosion behavior is important in keeping the neutron absorber material in place and effective in controlling
criticality long after emplacement. Therefore, chemical performance in a variety of environments was used as an
important selection criterion. Mechanical performance, compatibility with other materials, and thermal performance
were also considered. The current design uses Neutronit A978.

This comment referred to the plastic sheath that is used as an outside cover for shipping casks to serve as a neutron
shield (Section 4.1.15.3 of the EIS). The design of the transportation casks must include the capability to survive
significant fire events. Moreover, Nuclear Regulatory Commission requirements for cask licensing do not permit
the use of materials that would increase the risk of fire. The waste packages do not use plastic or any other
flammable materials.

The current design of the disposal container (called a waste package upon emplacement) includes five welded
closure lids. All of the welds in the disposal container would be subjected to thorough inspection. Welds are the
choice for disposal container closure due to their ability to provide a long-term leak-resistant environment for the
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waste. A bolted/gasketed or inflatable seal closure is not included in the disposal container design because it cannot
ensure adequate sealing capability in the long term without periodic replacement of deteriorated gasket or seal
components. To the maximum extent practicable, disposal containers would be fabricated and inspected in
accordance with the American Society of Mechanical Engineers Boiler and Pressure Vessel Code (DIRS 141257-
ASME 1995). The specified weld inspections and acceptance criteria (that is, flaw size) are based on the
requirements of that Code for ensuring an adequate closure seal.

Radiation streaming, if any, will be considered in the design of the remote handling and emplacement systems. A
shielded transporter and remote handling accomplish radiation protection during emplacement. Shielding analysis
has been analyzed for streaming in the emplacement and handling equipment designs.

The interior of the disposal containers would be dry; they would be dried by pulling a very low vacuum and refilled
with inert gas. The maximum cladding temperature permitted in the waste package would be 350°C (660°F). This
temperature is based on test data that identified the maximum temperature at which cladding is not susceptible to
creep rupture. Actual cladding temperatures probably would be much lower.

7.1 (8777)

Comment - EIS001907 / 0017

A Multi-purpose canister (MPC) seems to make the most sense---why move the assemblies around more than
necessary, right? To date however, no MPC has undergone full-scale testing and under current NRC [Nuclear
Regulatory Commission] regulations, none ever will. The DOE is relying on computer models, and scale testing
(though the scale testing doesn’t seem to be needed by law). There is a program going on at the test site right now,
called Stockpile Stewardship and Management, which claims that computer models aren’t enough to test the
reliability of aging nuclear weapons in the stockpile, yet computer models are all we, the citizens have to protect us
against nuclear waste moving on our roads and rails??

Response
DOE remains receptive to the idea of using multipurpose canisters to load spent nuclear fuel assemblies at utilities,

transport them to Yucca Mountain, and emplace them in the repository. DOE agrees that multipurpose canisters can
reduce the number of times fuel assemblies have to be handled. Any multipurpose canister to be used in
transportation and emplacement would have to comply with the Nuclear Regulatory Commission regulations for
transportation casks (10 CFR Part 71) and regulations governing disposal of high-level radioactive wastes in a
repository at Yucca Mountain (10 CFR Part 63).

The Stockpile Stewardship and Management Program deals with the reliability of nuclear weapons. The assertion
that computer models are not sufficient to characterize the condition of nuclear weapons as they age is based on the
fact that minute changes in the isotopic composition and dimensions of the weapon can dramatically alter expected
behavior. Confidence in computer models available to evaluate the mechanical stress, radiation shielding, and heat
transfer behavior of multipurpose canisters is based on how well such models have predicted the behavior of similar
containers and other objects in the past. While full scale testing of a multipurpose canister is not explicitly required
by the Nuclear Regulatory Commission, there is no guarantee that the Nuclear Regulatory Commission would be
willing to rely solely on scale testing and computer analysis of a multipurpose canister to demonstrate compliance.

7.1 (8935)

Comment - EIS001922 / 0007

The containment of radiation is based on integrity of the casks. When the DEIS estimates accident scenarios, it
underestimates the risks posed by groundwater flowing directly from the site to the agricultural community in
Amargosa Valley. It is impossible and fallacious to develop the assumption that the casks will not leak during
transportation and emplacement when the casks have not been designed yet. We feel that, at the very least, the
containers should be determined and subjected to full-scale testing. The DEIS should be revised to reflect new
container information.

Response
This comment is correct that the various accident scenarios evaluated for the repository (see Chapter 4 of the EIS)

and transportation (see Chapter 6) did not include an evaluation of possible groundwater impacts. This is because
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even if these accidents occurred, the consequences would be mitigated to the extent necessary to preclude long-term
impacts to groundwater.

DOE agrees that casks could develop leaks during transportation. For this reason, the Nuclear Regulatory
Commission would require and DOE would implement a rigorous quality assurance program that would include
testing and inspection of equipment and waste containers during every step of the transportation, handling, and
emplacement activities. DOE believes that successful implementation of an effective quality assurance program
would provide the ability to detect and repair damaged or leaking casks prior to emplacement in the repository.

Transportation casks licensed by the Nuclear Regulatory Commission (10 CFR Part 71) are very different from the
waste disposal packages designed for the proposed repository. The Commission has certified a number of tests on
casks. Required tests on the structural integrity of transportation casks require that they not release their contents
after a drop of 9 meters (30 feet) onto an unyielding surface. Transportation casks have been safely used in more
than 2,700 shipments of spent nuclear fuel in the United States. See Section M.4 of the EIS for additional
information on cask safety and testing.

DOE is designing containers for the permanent disposal of spent nuclear fuel, which the EIS refers to as waste
packages. Samples of candidate metals for waste packages are undergoing laboratory tests. Full-diameter, one-
third-length mockups of different waste packages have been built to demonstrate techniques for welding lids to
packages. Full-scale prototype testing of waste packages may also be necessary.

The Draft EIS evaluated the preliminary design concept described in the Viability Assessment of a Repository at
Yucca Mountain (DIRS 101779-DOE 1998) for repository surface facilities, and disposal containers (waste
packages). It also evaluated the plans for the construction, operation and monitoring, and closure of the repository.
DOE recognized before it published the Draft EIS that plans for a repository would continue to evolve during the
development of any final repository design and as a result of any licensing review of the repository by the Nuclear
Regulatory Commission. The design evolution was evaluated in the Supplement to the Draft EIS and integrated into
the Final EIS. The Supplement incorporated new information, including an improved understanding of the
interactions of potential repository features with the natural environment, the addition of design features for
enhanced waste containment and isolation, and evolving regulatory requirements.

Although the waste package and repository designs will continue to evolve in response to additional site
characterization information, technological developments, and interactions with oversight agencies, DOE believes
the designs have progressed to a point that they provide a reasonable basis for estimating the range of potential
short- and long- term impacts that would likely result from any final designs. Furthermore, it not unusual for an
agency to assess design alternatives that are in the conceptual phase under the National Environmental Policy Act.
The consideration of only a final design could, on the other hand, preclude or bias an agency’s flexibility to structure
a Proposed Action that could be less intrusive on the environment.

The design of the waste package, including its construction materials, has evolved from the Draft EIS design to the
current flexible design. While both use a two-layer waste package, the flexible design places the corrosion-resistant
material on the outside rather than the inside of the package to provide long-term protection to the more corrosion-
susceptible structural material. The current waste package design includes a thick and very corrosion-resistant
nickel-base alloy (Alloy-22) as the outer barrier over a thick stainless-steel inner liner. Data on the corrosion
performance of the waste package materials (including the internal structure) have been collected from DOE tests
and from research literature. Testing would continue during waste emplacement and preclosure to collect long-term
data under conditions prototypical of those expected at Yucca Mountain. The data generated will continue to go to
the analysts who determine the long-term performance of the materials as a part of the determination of total system
performance in compliance with regulatory standards.

DOE based the development of models that predict the performance of corrosion-resistant, nickel-based Alloy-22 in
the repository on data from research literature and testing (including long- and short-term tests). DOE performs
long-term tests under expected repository conditions, and short-term tests under expected repository conditions and
very aggressive conditions. The American Society for Testing and Materials codified this approach in a standard
procedure (DIRS 105725-ASTM 1998). Analyses of the tests use a suite of tools, including standard microstructural
evaluation and atomic force microscopy, which permits the examination of surface films in such great detail that

CR7-35



| Main Index I |V0| 3 Index ||

Comment-Response Document

DOE can evaluate even very slow degradation rates. DOE will continue to test samples of Alloy-22 and other alloys
that would be exposed in the repository and in the laboratory for decades to confirm the results collected to date. In
addition, DOE will explore analogs of Alloy-22 to provide confidence in its performance.

DOE based the materials selection on the input of independent experts and laboratory tests, and from material
performance observed in full-size industry applications. The corrosion tests involve Alloy-22 and other candidate
waste package materials subjected to environments that are at least as aggressive as any expected inside Yucca
Mountain. These tests would continue during waste emplacement operations to confirm the expected waste package
performance.

DOE acknowledges that it cannot build a waste package that can be guaranteed to provide perfect containment
forever. The EIS provides DOE’s best estimate of the impacts that would occur when the containment system
degraded. The Environmental Protection Agency, in promulgating the Yucca Mountain environmental protection
standards (40 CFR Part 197), recognized that with the current state of technology it is impossible to provide a
reasonable expectation that there will be “zero” releases over 10,000 years or longer time frame. Therefore, the
Agency promulgated standards that it believes would protect human health and safety. These standards do not
require complete isolation of the wastes over the compliance period (10,000 years) or the period of geologic stability
(1 million years). The goal of a performance assessment for Yucca Mountain supporting the site recommendation
decision and later licensing (if the site was recommended and approved) is to evaluate whether the repository would
be likely to meet these standards. The goal of this EIS is to project possible impacts using similar modeling
technology. The results of these efforts, as described in Chapter 5 of the EIS, show that releases under the Proposed
Action would not exceed environmental protection standards (40 CFR Part 197) within the 10,000-year compliance
period for the repository.

7.1 (10574)

Comment - EIS002131 /0003

And there has been some talk about how good dry cask technology is. Here’s the New York Times article. It says:
“To maximize the chance that they will stay intact for thousands of years, the stainless steel is handled only by
machines or by gloved hands because the chemists say that even the salt on sweaty palms would begin to corrode
the stainless steel, which is three-eighths of an inch thick,” and this is supposed to last a half a million years, and just
it will corrode from the salt on your hand.

Response
The proposed repository, as described in the Supplement to the Draft EIS, would include a robust engineered barrier

system designed specifically to work with the favorable natural barrier system at Yucca Mountain. The current
design includes a robust and corrosion-resistant waste package and a titanium drip shield above each waste package
for defense-in-depth against corrosion. Structural steel used for ground support in the drifts and the titanium drip
shields would protect the waste packages against rockfalls.

The design of the waste package described in the Supplement and carried forward to the Final EIS includes a very
corrosion-resistant, nickel-base alloy (Alloy-22) as the outer barrier over a stainless-steel inner structural liner. The
purpose of the stainless-steel wall is to provide structural strength and resistance to corrosion. For added
conservatism, the long-term performance assessment models assumed no barrier credit for stainless-steel
components.

DOE conducted an extensive process to identify suitable materials for the waste package; this selection process
continues to evolve. Material selection involved evaluating each waste package component and function, selecting
commonly available materials that have characteristics that meet the functional requirements, rating materials, and
testing materials. DOE completed the analysis by selecting weighting criteria and establishing grading scales.
Weighting criteria included mechanical performance, chemical performance (corrosion), predictability of
performance, compatibility with other materials, ease of fabrication, cost, previous industrial experience, thermal
performance, and neutronic performance. Testing would continue during waste emplacement and preclosure to
collect data under conditions expected at the repository. The data generated would continue to be analyzed to
determine the long-term performance of the materials.
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The container cited in the comment is built of thin-walled stainless steel. This is very different from the robust
design of the waste package, which would have a thick nickel alloy outer wall in addition to a stainless-steel inner
wall. Section I.5.1 of the Final EIS describes the results of computer analyses of the behavior of the waste package
under a range of environmental conditions.

7.1 (11115)

Comment - EIS001207 / 0004

Has the Yucca Mountain Site Characterization Office determined the package design (can in canisters filled with
borosilicate glass containing intensely radioactive high-level waste) to be acceptable/suitable for disposal? Has this
technology been deemed to meet performance standards? How and when were performance/can-in-canister design
standards tested and approved? During what time period of the Yucca Mountain Site operations are there can-in-
canisters anticipated to fail/leak?

Response
Waste package designs evaluated in the Draft EIS were summarized in Section 2.1.2.2.2 and shown in Figure 2-20

of the Draft EIS. One or two high-level radioactive waste canisters containing immobilized plutonium, the so-called
“can in canister,” would be placed along with other glass high-level radioactive waste canisters inside a waste
package such that five high-level radioactive waste canisters are arranged as a ring inside the waste package. A
canister of DOE-owned spent nuclear fuel can be placed in the center of the ring. The walls of the waste package
analyzed in the Draft EIS would consist of a thick carbon-steel barrier surrounding a thick barrier of Alloy-22, a
highly corrosion-resistant nickel-chromium-molybdenum alloy.

The design of the waste package, including its construction materials, has evolved from that used for the Draft EIS
design to the current flexible design. While both use a two-layer waste package, the flexible design places the
corrosion-resistant material on the outside rather than the inside of the package to provide long-term protection to
the more corrosion-susceptible structural material. The current waste package design includes a very corrosion-
resistant nickel-based alloy (Alloy-22) as the outer barrier over a thick stainless-steel inner liner. Data on the
corrosion performance of the waste package materials (including the internal structure) have been collected from
DOE tests and from research literature. Testing would continue during waste emplacement and preclosure to collect
long-term data under conditions prototypical of those expected at Yucca Mountain. The data generated will
continue to go to the scientists and engineers who determine the long-term performance of the materials as a part of
the determination of total system performance in compliance with regulatory standards.

To determine the long-term performance of the repository, a modeling system called Total System Performance
Assessment was used. The Total System Performance Assessment is a simulation of the performance of the entire
repository system after closure. The Total System Performance Assessment is a probabilistic simulation; that is, it
directly incorporates ranges of uncertainty in parameters and reports the possible range of results. The mean value
of the range is what is used to determine compliance with environmental protection standards. In the case of waste
package degradation, a very conservative wide range (several orders of magnitude) of possible degradation rates
(centered on values obtained from testing as described above but also including some much higher pessimistic
values) are simulated in the analysis which includes up to 300 trials during which the full range of possible values is
sampled. The results of these simulations for the flexible design, described in Chapter 5 of the Final EIS, indicate
that penetration of high-level radioactive waste canisters containing immobilized plutonium would not occur until
after the waste package had been breached. Failures would be unlikely during the first 10,000 years.

7.1 (11919)

Comment - EIS002303 / 0004

For very long term storage of unusually hazardous materials, why not use containers with a geologically relevant
lifespan? Glass has a potential lifespan of MILLIONS of years, comparable to the hazard life plutonium and related
waste represent. Recycled glass, as compared to quartz or ceramic, is cheap, plentiful and easy to work with.
Higher grade materials could be used, but a multi-layer, mechanically isolating design should be adequate.

Intruding groundwaters will not corrode steel barrels, if they are encapsulated with a Long Life Chemically
Resistant Toxics Container.
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Kevlar woven glass is tough and chemically resistant, and can encapsulate the waste for the geologically relevant
time frame required. Glass provides long term mechanical isolation for the inner layer(s). More than two solid glass
layers could be used. An inner PTFE (Teflon) coating provides a reserve seal.

Response
Selection of materials for the waste package is based on several factors, not just corrosion resistance. The waste

package must be able to withstand significant static loads and shocks (dynamic loads). It must have good thermal
conductivity to transmit the heat generated by the nuclear waste. When the waste package was loaded with waste,
the final seal would have to be just as strong, ductile, and corrosion-resistant as the rest of the waste package.

Glasses are inferior for nuclear waste containment compared to corrosion-resistant metal alloys for the following
reasons: (1) poor fracture toughness and ductility, (2) low thermal conductivity, (3) difficulties associated with
fabrication and sealing of large waste packages, and (4) lack of thermodynamic stability to retain the material
composition and microstructure. In addition, the ability of glass to withstand elevated temperatures and intense
gamma radiation is not as well understood as that of many metal alloys.

DOE continues to research the ability of different materials to contribute to the isolation of nuclear waste. Alloy-22,
the waste package material currently considered most suitable for the repository, offers excellent resistance to
corrosion, is relatively easy to manufacture, is able to transfer heat effectively, and is able to survive handling and
hypothetical accidents.

7.1 (12744)
Comment - EIS001888 / 0431
[Clark County summary of comments it has received from the public.]

Commenters wanted the EIS to address the abilities of the waste packages to contain SNF and HLRW (for
thousands of years, forever, until full decay has occurred, how long?) given thermal dissipation requirements,
radioactive bombardment, photo disintegration, nuclide release rates, failure under earthquake-induced stress, and
other natural hazards. A commenter requested that the EIS select manmade and natural materials that will retard the
movement of radionuclides for placement in the near-field around the waste packages.

These materials were requested to reduce uncertainties associated with the retardation potential of the host rock and
to be consistent with DOE’s suitability guidelines and the U.S. Nuclear Regulatory Commission’s regulations, both
of which call for “multi barrier” concepts. Another commenter requested that the EIS provide a description of
engineered features that would provide adequate containment of C12 for 10,000 years, without reliance on natural
barriers. One commenter requested a discussion of the measures that would ensure the integrity of repository seals,
as well as any other barriers to permanently separate the waste from the environment.

Response
The purpose of any design scenario would be to delay or disrupt the potential release of radioactivity. The objective

of the repository (both engineered and natural barriers) would be to minimize dose at the accessible environment.
The repository would rely on delaying and restricting releases to achieve this objective. The design scenarios DOE
has considered would reduce dose rates at the accessible environment by retarding the migration of radionuclides or
by delaying the earliest time at which they could migrate, thereby allowing most of the radioisotopes to decay to
stable elements.

Carbon-12 is a stable isotope of carbon. Carbon-14 is a radioactive isotope present in spent nuclear fuel. Carbon-14
has a half-life of approximately 5,700 years, meaning half of a given inventory of carbon-14 decays to stable
nitrogen-14 within 5,700 years. The waste packages are expected to outlive most of the carbon-14. DOE also
expects that most of the fuel rods in the waste packages would have intact cladding, which would further delay the
release of carbon-14 and therefore provide additional time for carbon-14 to continue to decay.

Various aspects of the natural system would retard the migration of radionuclides and delay the earliest time at
which radionuclides could migrate. The analyses in the EIS do not identify potential impacts that would be a basis
for not proceeding with the development of Yucca Mountain as a repository.
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While the Nuclear Waste Policy Act of 1982 mentions waste isolation, because of the long periods involved (10,000
years or more), permanent, complete isolation of the waste from the habitable environment is not realistic for any
site. However, the Nation still must address the disposal of existing radioactive waste. Therefore, the EIS discusses
this goal in achievable terms of limiting the release rate and transport of radionuclides to the environment. Reliance
on the natural barriers provided by the rock, dry climate, and remoteness of the site, as well as the additional
engineered barriers, would minimize the potential dose rate to the accessible environment to within regulatory
guidelines defined by the Environmental Protection Agency and the Nuclear Regulatory Commission. The purpose
of the regulations prepared by the Agency (49 CFR Part 197) and the Commission (10 CFR Part 63) is to implement
the policy stated in the Nuclear Waste Policy Act, and both regulations recognize the validity of this approach.

The Viability Assessment for a Repository at Yucca Mountain discusses sealing materials and placement methods for
closure and sealing of shaft, ramps, and boreholes (DIRS 101779-DOE 1998). DOE does not plan to backfill the
emplacement drifts, but has not precluded it as a potential future design option.

7.1 (13290)

Comment - 010068 / 0002

The corrosion of the proposed alloys in recent news seems to have been missed in the DEIS. The attractiveness of
certain alloys is not factored into the human intrusion scenarios. Expensive alloys used to protect the waste would
be a lure for human intrusion. Titanium can increase in cost and attractiveness to human intrusion. Titanium is used
in drip shields.

Response
The behavior of Alloy-22 and the titanium alloy has been studied extensively for the project and very recent

experimental data have been incorporated into the waste package and drip shield degradation models. Additional
information can be found in Appendix I of the Final EIS and various supporting documents referenced therein.

Under the advice of the National Research Council of the National Academy of Sciences, the Environmental
Protection Agency elected to exclude considerations of deliberate human intrusion from the final repository
performance standard (40 CFR Part 197). This is because it is impossible to characterize with any degree of
certainty the range of deliberate acts of humans in the future and also because of the long period of administrative
control. Therefore, such considerations as the value of materials of construction in the repository are not within the
scope of the long-term performance analyses.

However, consistent with requirements, DOE evaluated the potential impacts of an inadvertent human intrusion; the
results are summarized in Section 5.7.1 of the EIS.

7.1.1 DRAFT EIS REPOSITORY DESIGN

7.1.1 (73)

Comment - 3 comments summarized

Commenters were concerned that DOE did not know what type of ground support would be used in the
emplacement drifts. Some wanted to know if any supports had been tested. Others noted that steel, concrete,
rockbolts, and mesh all have problems, and suggested that other materials be examined.

Response
The ground support methods and materials are based on many years of experience and testing in the mining

industry. Additional specific experience has been gained through testing of ground supports conducted at Yucca
Mountain for many years in the Exploratory Studies Facility (see Section 2.1.2.2.4.2 of the EIS for more information
on ground supports). The reference design of the subsurface facilities on which DOE based the Draft EIS analyses
has evolved. The current design includes an all-steel ground support system (welded wire, tie rods, steel sets) rather
than concrete liners. The Final EIS evaluates and explains the rationale for design enhancements. To provide
updated information to the public, DOE published a Supplement to the Draft EIS that focused on the most recent
design enhancements.

The subsurface facility design is still evolving under the direction of DOE. The Department would ensure that the
facility and equipment designs, including the drift lining, meet all design requirements, receive the necessary peer
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reviews, and receive Nuclear Regulatory Commission review and approval prior to licensing of the proposed
repository.

7.1.1 (74)

Comment - 6 comments summarized

Commenters were concerned that the waste packages would not be retrievable after being emplaced in the drifts.
Some said that retrieval equipment would fail and block further retrieval efforts. Others questioned whether it was
accurate for the EIS the consider retrieval to be simply the reverse of emplacement. Commenters suggested that a
few waste packages should be retrieved each year to ensure that retrieval, if required, could be accomplished.
Commenters pointed to problems with the Ventilated Storage Cask, Model 24 in current use for dry storage and said
similar problems could occur at the repository. Commenters also noted several other possible problems including
weld problems, unexpected emissions, stuck shims in the lid, overhead trolley problems, and the movement of casks
over other casks in the emplacement drift. Some commenters said that detailed procedures for retrieval should be
developed.

Response
Current conceptual designs assume the equipment used for retrieval would be the same equipment used for

emplacement. As a consequence, maintenance and operation of this equipment during emplacement would provide
extensive experience before any retrieval. The current concept would not involve lifting one waste package over
another; retrieval would be accomplished by moving one waste package at a time starting at the end of the drift and
moving toward the center. Empty drifts would provide staging for waste packages that did not need to be retrieved
but only moved. The reliability of the retrieval process is based on having the capability to retrieve from either end
of a drift and having multiple gantry vehicles available at either drift entrance to retrieve waste packages. Based on
many years of experience in mines, small rockfalls would not preclude operation of the gantry for retrieval; the
ground support system would protect against large rockfalls. However, in the event that a drift became blocked
during retrieval, the operation could be continued through the other drift entrance with other equipment.

DOE is evaluating periodic removal of emplaced waste packages for performance evaluation in the design.

The subsurface facility design is still evolving under the direction of the DOE. The Department will ensure that the
facility and equipment designs meet all design requirements (including development of adequate maintenance
programs) and receive the necessary peer reviews. In addition, the Nuclear Regulatory Commission must review
and approve all repository design and operational plans prior to licensing of the proposed repository.

7.1.1 (430)

Comment - EIS000080 / 0001

Nye County is a proponent of alternative repository design, including natural ventilation. We believe that that will
lead to a safer repository, and a safer repository is Nye County’s number one concern.

Response
DOE has considered alternative design concepts in the EIS, including natural ventilation. Sections 2.1.4.1 and

E.2.2.5 of the EIS provide more information on this topic.

The latest repository design described in the Supplement to the Draft (released for public review in May 2001) and
the Final EIS has the flexibility to accommodate and take advantage of new information that might improve
performance or reduce long-term uncertainties.

7.1.1 (431)

Comment - EIS000080 / 0002

Nye County is a proponent of active groundwater controls. We don’t see any concept being put forth by DOE to go
in and improve the suitability of the site.

We routinely go in and [de-water mines in] the State of Nevada because of the water below the ore piles. No one’s
talking about going in and decreasing the water level underneath Yucca Mountain. We see that as a viable
mitigating measure that increases the distance between the waste and the water resources.
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Response
Groundwater pumping to lower the water table can be a viable means for dealing with short-term contamination

issues at mines. However, it is not a viable option for a geologic repository that would have to meet regulatory
compliance limits for 10,000 years. Before closure, the waste packages would remain intact and there would be no
radioactive releases. So lowering the water table to increase the travel time from the waste emplacement areas to the
saturated zone would not be an issue. After closure, the passive components of the system, comprised of engineered
and natural barriers, have been designed to provide long-term protection to people and the environment by
demonstrating compliance with both Environmental Protection Agency and Nuclear Regulatory Commission
environmental protection standards.

7.1.1 (754)

Comment - EIS001337 / 0081

Page 2-65 Section 2.2.2.2. The assumption of 10,000 years of institutional control seems inconsistent with NRC
[Nuclear Regulatory Commission] licensing guidance which encourage licensees to not assume institutional control
beyond 300 years. This scenario should be revised to assume institutional control for 300 years (which is also
consistent with the Preferred Alternative for Yucca Mountain).

Page 2-66 Section 2.2.2.3. The assumption of loss of institutional control after 100 years is not consistent with NRC
licensing guidelines nor with assumptions associated with the Preferred Alternative (institutional controls at Yucca
Mountain for 300 years). No-Action Scenario 2 should be deleted from the DEIS.

Response
Because the future course of action taken by the Nation and by commercial utilities would be uncertain if Yucca

Mountain was not recommended as a repository site, the No-Action Alternative evaluated two hypothetical
scenarios with different assumptions about institutional control to provide a range of impacts that could occur and to
provide a basis for comparison to the Proposed Action.

The assumption for Scenario 1 is that DOE and commercial utilities would maintain institutional control of the
storage facilities to ensure minimal releases of contaminants to the environment for at least 10,000 years. Although
both the Nuclear Regulatory Commission and the Environmental Protection Agency encourage the maintenance of
monitoring and physical oversight for as long as possible, they have recognized that projecting society’s willingness
and ability to provide such a function for more than 100 years into the future is not reasonable. For this reason,
Scenario 2 assumes no effective institutional control after approximately 100 years. DOE based the choice of

100 years on a review of Environmental Protection Agency regulations for the disposal of spent nuclear fuel and
high-level radioactive waste at Yucca Mountain (40 CFR Part 191), Nuclear Regulatory Commission regulations
for the disposal of low-level radioactive material (10 CFR Part 61), and the National Research Council report on
standards for the proposed Yucca Mountain Repository (DIRS 100018-National Research Council 1995), which
generally discount the consideration of institutional control for longer periods in performance assessments for
geologic repositories. Assuming no effective institutional control after 100 years provides a consistent analytical
basis for comparing the No-Action Alternative and the Proposed Action.

7.1.1 (2648)

Comment - EIS000409 / 0006

Designs for the Repository itself: There are no concrete plans for one much less two repositories. The application
of real or artificial barrier systems are still in the conversational stages. Where & how would the canisters be stored
(hot, hot) temporarily until the cave is burrowed out? The International Nuclear Industry is waiting and watching
carefully to see how fast we can succeed in blowing ourselves up. All of the extrapolations done by our famous
DOE physicists will mean nothing because there is no DOE policy on how long the mountain would remain open or
how many years it would take to fill (1 or 2). The law says you cannot close the mountain until it is filled.

Again the only answer is transmutation and recycling by our business trained trillionaires. Projected cost for
1 repository $35 billion.

Response
Until a repository is licensed and prepared to receive spent nuclear fuel and high-level radioactive waste, the

Department believes that these materials will continue to be stored at the generator sites. However, other options
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have been evaluated, including a proposed interim storage facility in Utah (DIRS 152001-NRC 2000). In addition,
the updated flexible design includes provisions for aged storage at Yucca Mountain for up to 40,000 metric tons
heavy metal of commercial spent nuclear fuel to support the low-operating temperature operating mode. However,
onsite storage of spent nuclear fuel at the Yucca Mountain site would not be allowed until after the Nuclear
Regulatory Commission issued an operating license, which would not be expected before the year 2010.

The scope of the EIS is limited by the NWPA to the consequences of a single repository at Yucca Mountain (the
Proposed Action) compared to the consequences of storing the waste indefinitely at commercial and DOE sites
around the country (the No-Action Alternative). The amount of waste that DOE could place in the repository is
restricted by the NWPA to 70,000 metric tons of heavy metal until a second repository is in operation. DOE is not
scheduled to report to Congress on the need for a second repository until 2007.

DOE believes that the design of the engineered barrier system described in the Supplement to the Draft EIS
(released for public review in May 2001) is sufficiently developed to allow DOE to estimate the long-term
environmental consequences of the repository. As discussed in Section 2.1.2.1.1 of the Final EIS, waste would be
unloaded from transportation casks and repackaged in waste packages for emplacement in the repository; storage at
the surface would not extend over long periods.

Section 122 of the NWPA requires retrievability at a high-level radioactive waste repository. Federal regulations
(10 CFR Part 63) require that the repository be designed to preserve the option of waste retrieval on a reasonable
schedule for as long as 50 years after the start of waste emplacement. Consistent with these requirements, the
operational plan for the Yucca Mountain repository provides for a design and management approach that isolates
wastes from the public in the future while allowing flexibility to preserve options for modifying emplacement and
retrieving the waste. This design would maintain the ability to retrieve emplaced materials for at least 100 years and
possibly as long as 300 years or more in the event of a decision to retrieve the waste either to protect the public
health and safety or the environment or to recover resources from spent nuclear fuel. DOE examined closure dates
ranging from 50 to 300 years after initial emplacement and has determined that any closure date within this range
would not significantly affect the environmental consequences of the repository, especially when comparing the
Proposed Action to the No-Action Alternative.

There is no law stipulating that the repository must remain open until it is “filled,” only restrictions on the maximum
amount of waste that can be emplaced and the minimum duration for the retrieval period.

With regard to transmuting or recycling nuclear waste, DOE acknowledges that new technologies for waste
management could be developed in the future. In fact, at the direction of Congress, DOE is studying accelerator
transmutation of radioactive waste. The process involves state-of-the-art principles, some of which are not yet
proven. However, even if accelerator transmutation becomes a feasible technology, a repository is an essential
element of the nuclear fuel cycle because significant quantities of highly radioactive, long-lived materials would
remain. Therefore, DOE does not recommend abandoning the Nation’s current waste management strategies.

7.1.1 (4166)

Comment - 010034 / 0001

It is obvious that there is little or no attention being given to accidents, electrical or mechanical malfunctions. In the
event of these unforeseen incidents there very well might be a short isolation period followed by a fast, uncontrolled
release. This could be caused by a seismic event or an electrical failure shutting down the ventilation now required
to lower the temperature and dissipate the unexpected humidity and moisture. This same humidity moisture is
corrosive, containing brine and microorganisms.

Would human beings be able to enter the tunnel to retrieve these waste packages in the event the train and/or gantry
malfunctioned? How can the DOE depend on robotics when there has been little attention given to accidents and
malfunctions? If there is backup power to the project is there enough to fully operate all electrical machines and
other equipment? It was mentioned that brine and microorganisms would degrade the waste packages made up of
titanium and stainless steel. What attention has been given to the corrosive effects on the electrical and mechanical
systems? For example, rails, switches, circuit breakers, wire connections or metal less able to resist corrosion than
titanium or stainless steel?
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It is obvious that since the tunnels will be open for 300 years to assure retrievability of the waste packages, that an
accident or malfunction will make this impossible.

Response
Humans would not be able to enter an emplacement drift once it has been loaded with waste packages without the

use of thermal and radiation shielding. DOE has developed plans for waste package retrieval for normal and off-
normal conditions. Waste package retrieval under normal conditions would use the same subsurface equipment and
facilities as emplacement, but in reverse order. This would provide a built-in capability for retrieval that could be
readily implemented. Individual waste package removal for inspection, testing, and maintenance reasons would not
be retrieval; however, waste package removal for these purposes, if needed, would involve the same equipment and
operational steps. Alternative waste package equipment and processes have been identified for off-normal
conditions when normal retrieval procedures could be different or impossible to execute. In addition, support
equipment (equipment to remove obstacles, prepare surfaces, or install temporary ground supports) that could be
used in retrieval operations under off-normal conditions has been identified. The equipment and processes would
support various scenarios such as repair of the railing system, repositioning the emplacement pallet and waste
package, or cleaning or removal of debris. All retrieval scenarios include establishment of radiation and temperature
controls and other administrative controls, as needed, to conduct a safe retrieval operation (DIRS 153849-DOE
2001). During the preclosure period, which could last up to more than 300 years, the repository will be open and
subject to inspection and maintenance. Should problems with corrosion of rails, switches, etc. be detected, repairs
and/or replacements would be made.

7.1.1 (4266)

Comment - EIS001521 /0025

Page 3-30, first paragraph--In this paragraph, fault displacements are related to the layout design of the central block
of the repository. It does not appear that the same consideration was given to the design of the 1-t-1 expansion blocks
(especially the westward extension). If it was, it should be mentioned in the text.

Response
There are little site characterization data available for a potential expansion zone west of Solitario Canyon. DOE

would not have to expand into that area until the central repository block was full or if space was needed to
accommodate more than 70,000 metric tons of heavy metal. There would be ample time (30 to 40 years) to
characterize the expansion area in detail before it was needed. An expansion of storage capacity to accommodate
more than the 70,000 metric tons of heavy metal authorized in the NWPA would require the operation of a second
repository or a Congressional amendment to the Act.

7.1.1 (4564)

Comment - EIS001521 /0078

Page 4-99, Figure 4-5--Where is the location of the waste-retrieval and storage area with reference to Midway
Valley? The referenced page 3-34, Figure 3-12, shows the location of Midway Valley (sort of) but the actual
location of the waste retrieval and storage area is still unknown.

Response
One of the alternative sites for the Retrieval Facility is in Midway Valley near the repository site. DOE has not yet

determined the design of this facility or its exact location. The Department believes that the information in the EIS
is adequate for determining representative environmental impacts of using this site for waste retrieval.

7.1.1 (4968)

Comment - EIS001326 / 0002

I also recommend telling the U.S. what measures you are taking to be positive that the nuclear waste you are
disposing of will not leak into the environment.

Response
The repository would include an engineered barrier system designed specifically to work with the natural geologic

and hydrologic barriers at the site. The engineered barrier system is described in the Supplement to the Draft EIS
(released for public review in May 2001) and the Final EIS. This system includes a robust and corrosion-resistant
waste package and a titanium drip shield above each waste package for defense-in-depth against corrosion.
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Structural steel used for ground support in the drifts and the drip shields would protect the waste packages against
rock fall. Based on analyses in Chapter 5 of the EIS, the engineered and natural barriers at the site would provide
waste isolation in compliance with the standards in 40 CFR Part 197. These analyses show that the waste would be
isolated for tens of thousands of years. Confirmatory testing would continue during the emplacement and
preclosure periods to collect long-term data under conditions typical of those expected at Yucca Mountain after
closure.

7.1.1 (5356)
Comment - EIS001887 / 0077
Page 2-16; Section 2.1.2.1.1 - North Portal Operations Area

It should be pointed out that the design of this part of the repository surface facility, including the buildings and
operations in the restricted area, is preliminary and, at best, conceptual. DOE has not even finally decided (contrary
to information in the Draft EIS) whether the Waste Handling Building will employ the use of waste transfer pools or
use hot cells exclusively.

The Draft EIS fails to adequately describe and evaluate impacts of specific types of facilities needed to receive,
package, and handle spent fuel and high-level waste for disposal. The Draft EIS attempts to avoid specific analyses
by indicating that the nature of such operations would depend on how the spent fuel is packaged for transport.
Nevada contends that the information currently exists for DOE to clearly identify specific operational requirements
and to discriminate among alternatives for operations at the North Portal facilities. However, this requires a more
adequate, substantive, and site-specific analysis of spent fuel and HLW at reactor and generator facilities and the
specific modes to be used for shipment from each site. Such an assessment is clearly within the technical
capabilities of DOE and within the appropriate scope of the Draft EIS. DOE should be able to identify, with
considerable certainty, the type of package that would be received at the North Portal from each reactor/generator
site. With that information, DOE can then specify, in considerable detail, the actual facilities and activities required
at the North Portal area. Such a detailed description is needed in order to conduct an adequate assessment of risks
and impacts.

Such an analysis would also help to clarify the differential risks and attendant mitigation associated with various
handling scenarios. For example, if the analysis showed that a large percentage of the waste would arrive at the
North Portal operations area as uncanistered spent fuel (as is very likely, given the market-driven transport system
being planned by DOE and commercial utilities), the North Portal Operations Area and facility needs would be
considerably different than they would be if most of the waste arrived in dual or multi-purpose canisters.

Response
Because of the evolving nature of the design of the repository, DOE issued a Supplement to the Draft EIS in May

2001 for public review. This Supplement describes the impacts of the repository based on the most recent repository
design. This design information was carried forward to the Final EIS. DOE believes that these impact analyses
would adequately bound the impacts from any additional changes in the design of the repository.

DOE is developing waste acceptance criteria for the repository. Some shipments could contain failed fuel and
radioactive nonfuel components in special packages. A variety of defense waste forms include spent nuclear fuel
and defense high-level radioactive waste shipped in canisters that can be directly placed in disposable waste
packages at the repository.

The waste handling systems at the repository would be able to handle a diversity of casks, canisters, and waste
forms; open casks and canisters; and package the waste for disposal. The systems would concurrently handle waste
in disposable canisters and bare fuel (the assembly transfer and canister transfer systems). The systems and facilities
would also handle abnormal and damaged waste forms, damaged waste packages (the waste package remediation
system), and a facility for maintaining shipping casks to license requirements.

DOE made full use of the waste form characteristics, and the system and facility designs previously described to

ensure that it considered the range of environmental impacts of the monitored geologic repository, as described in
Section 4.1. Also included are the environmental impacts for three additional scenarios, the all legal-weight truck
scenario, the mostly disposable canister scenario (canisters designed for direct insertion into a waste package), and
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the mostly dual-purpose canister scenario. Facility and system designs have not been developed for these cases.
However, the monitored geologic repository facility, site staffing, and waste form were factors that were included in
the analysis of the potential environmental impacts. The same detail of information is provided in the Supplement to
the Draft EIS for the latest changes in the design of the repository. This updated design information is carried
forward to the Final EIS.

DOE performed an analysis to classify the various systems for their importance to safety. The Department is
performing preliminary hazard and design-basis event analyses to determine the hazards associated with equipment
failures and events that would be used to determine if additional design and safety features are required.

7.1.1 (5361)
Comment - EIS001887 / 0079
Page 2-21; Sections 2.1.2.1.3 and .4 - Ventilation Shaft Operations Area

The Draft EIS does not describe the method to be used for ventilation shaft construction and does not appear to
describe the environmental impacts specific to shaft construction. Section 4., Section 2.1.2.2.1, Subsurface Facility
Design and Construction, implies that the shafts are not planned to be constructed by drill-and-blast. This should be
clarified.

Response
The Final EIS has been revised to state that the vertical ventilation shafts would be excavated by mechanical means

(for example, vertical mole, drilling, and raised boring) or by drill-and-blast techniques (DIRS 153849-DOE 2001).
Additional information related to various excavation techniques may be found in DOE (DIRS 153849-2001).

The impacts to air quality from this and other construction activities are addressed in Section 4.1.2 and in the
Supplement.

7.1.1 (5364)
Comment - EIS001887 / 0082
Page 2-27; Section 2.1.2.2.1 - Subsurface Facility Design and Construction

Concrete liners are no longer part of the repository design. An accurate, current description of the repository design
should be included in the Draft EIS.

Under what circumstances and in what manner would waste packages be moved over other waste packages? Does
the technology exist at this time to do this? Have scenarios where waste packages are dropped on other waste
packages been evaluated? The Draft EIS should include a discussion of this aspect.

Response
Because of the evolving nature of the design of the repository, DOE issued the Supplement to the Draft EIS in May

2001 for public review. The current design for the emplacement drifts includes an all-steel ground support system
(welded wire, tie rods, steel sets, rock bolts), rather than concrete liners. The Supplement evaluates and explains the
rationale for these design enhancements and this information was carried forward to the Final EIS. The current
design, as well as the design examined in the Draft EIS, does not include the lifting of a filled waste package over
other waste packages.

7.1.1 (5365)
Comment - EIS001887 / 0083
Page 2-31; Section 2.1.2.2.1 - Subsurface Facility Design and Construction

Water usage during site characterization and the construction of the ESF was not adequately monitored, evidenced
by the multiple quality assurance findings and nonconformance reports written about the tracking of water usage.
What other controls would DOE use to ensure that water used during construction of the repository would not affect
repository performance?
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Response
During construction of the Exploratory Studies Facility, it was very important to monitor and limit the use of water

because scientists did not want to disturb the natural environment of the mountain before they could measure the
natural ambient conditions. Water use during construction of the repository for such things as dust suppression
would not be as critical because the site characterization work would have been completed.

Potential impacts to surface water from construction, operations, maintenance, monitoring, and closure of the
repository are discussed in Section 4.1.3.2 of the EIS. Water used in the subsurface areas during construction would
be pumped to a lined evaporation pond at the South Portal Operations Area. Water collected from the emplacement
areas, if any, would be pumped to a lined evaporation pond at the North Portal Operations Area.

7.1.1 (5413)
Comment - EIS001887 /0116
Page 2-57; Section 2.1.4.1 - Design Features and Alternatives to Limit Release and Transport of Radionuclides

Of the five design features listed in the category “Barriers to limit release and transport of radionuclides” in Table 2-
4, only one -- additives and fillers -actually serves to limit release and transport of radionuclides. The remaining
four, drip shields, backfill, waste package corrosion-resistant barrier, and ground support options serve only to delay
releases and do not eliminate or substantially reduce releases of radionuclides, the true measure of repository
performance. The ideal goal of repository performance is to eliminate the potential for release of emplaced
radionuclides. The realistic objective is to limit releases, at whatever time they occur, to acceptable levels. The
Draft EIS analysis indicates that a Yucca Mountain repository cannot meet this objective, relative to expected peak
doses resulting from released radionuclides after the short period of time (300 to 1,000 years) during which the
major fission products decay. Juvenile failure of components of the engineered barrier system could result in
radionuclide releases prior to the time major fission products have decayed to very low levels.

Many of the features and alternatives discussed in this section and elsewhere in the Draft EIS are actually part of
DOE’s current design for a Yucca Mountain repository. As such, the impacts of these features and alternatives
should have been fully addressed in the Draft EIS. For example, the current repository conceptual design (not the
design described in the Draft EIS) calls for the waste packages to be covered by a continuous titanium drip shield.
The Draft EIS should examine the impact on the national (and perhaps international) titanium resource from the
increased demand caused by the use of titanium drip shields in up to 100 miles of repository tunnels.

Response
DOE recognizes that some radionuclides and potentially toxic chemicals would, after more than 10,000 years, enter

the environment outside the repository. The design alternatives described in the EIS would delay the potential
release of radioactive contaminants from the repository. As noted in Section 5.4.1 of the EIS, DOE expects the rate
of early failures of waste packages to be very low; too low to have meaningful consequences on the long-term
performance of the repository. Based on the results of analyses reported in Chapter 5 of the EIS concerning the
long-term performance of the repository, DOE believes that a repository at Yucca Mountain would operate in
compliance with the radiation protection standards in 40 CFR Part 197.

Because of the evolving nature of the design of the repository, DOE issued a Supplement to the Draft EIS in May
2001 for public review. The enhanced design discussed in the Supplement would improve long-term repository
performance and reduce some of the uncertainties associated with this performance. Enhancements include a more
corrosion-resistant waste package and titanium drip shields over each waste package. The Supplement describes the
impacts of the repository based on the most recent repository design. DOE believes that the impact analyses in the
Supplement would adequately bound additional impacts that could result from further enhancements in the design of
the repository.

As described in Section 4.1.15 of the EIS, the annual requirement for titanium for drip shields ranges from about
4,300 to 6,500 metric tons (4,700 to 7,200 tons) depending on the operating mode and packaging scenario. The
magnitude of the comparison is the result of low U.S. production of the basic raw material, because the United
States imports most of the titanium raw material. Although the annual U.S. production of titanium raw material is
only 21,600 metric tons (23,800 tons), the annual U.S. capacity to produce titanium ingots is 78,200 metric tons
(86,200 tons) (DIRS 152457-Gambogi 1997). The maximum annual program need is a little more than 8 percent of
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the current annual U.S. ingot production. Titanium is classified as a Federal Strategic and Critical Inventory
material and is the ninth most common element in the Earth’s crust (DIRS 107031-U.S. Bureau of Mines 1995).
Because the drip shields would not be needed until repository closure, there would be adequate time (more than
100 years) to expand the production of titanium raw material or to import additional raw material before the need to
reduce impact on markets.

7.1.1 (5485)
Comment - EIS001887 / 0155
Page 3-24; Section 3.1.3.1 - Physiography (Characteristic Landforms): Selection of Repository Host Rock

The discussion on the repository host rock should indicate that, during construction of the ESF, more significant
ground support methods than originally expected were required to achieve “stable openings.”

Response
During construction of the Exploratory Studies Facility, portions of the North and South Ramps needed ground

support. However, ground support at the repository level (where the waste would be emplaced) was minimal; the
openings were very stable. DOE believes that the existing text is adequate.

7.1.1 (5584)

Comment - EIS001887 / 0209

Page 4-3; Section 4.1 - Short-Term Environmental Impacts of Performance Confirmation, Construction, Operation
and Monitoring, and Closure of a Repository

The text states that closure would include “Potentially backfilling the main drifts, access ramps, ventilation shafts,
and connecting openings.” This is not fully consistent with the description of closure in Section 2.1.2.3, Repository
Closure. That section states closure would include, “filling of the main drifts, access ramps, and ventilation shafts;
and sealing of openings, including ventilation shafts, access ramps, and boreholes.” These two statements must be
reconciled, and the commitment to backfilling and sealing must be maintained.

Response
DOE has modified the text in Section 4.1 of the Final EIS to be consistent with the text in Section 2.1.2.4 (formerly

Section 2.1.2.3) with regard to backfilling and sealing.

7.1.1 (5588)

Comment - EIS001887 /0213

Page 4-6; Section 4.1.1.2 - Impacts to Land Use and Ownership from Construction, Operation and Monitoring, and
Closure

This section precludes backfill of the emplacement drifts. This is inconsistent with the design features and
alternatives that are being held open to bound the impacts of the different thermal load alternatives and is
inconsistent with the current design approach.

Response
The current design, described in the Supplement to the Draft EIS and carried forward to the Final EIS, and the

design described in the Draft EIS do not include backfilling of the emplacement drifts.

DOE based the statement in Section 4.1.1.2 of the Draft EIS—that it would exclude the emplacement drifts from
backfilling—on the Viability Assessment (DIRS 101779-DOE 1998). The current design assumes that the
emplacement drifts would not contain backfill; the Supplement describes the consequences of this design.

7.1.1 (5624)

Comment - EIS001887 / 0249

Page 4-72; Section 4.1.11.2 - Impacts to Utilities, Energy, Materials, and Site Services from Construction, Operation
and Monitoring, and Closure
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Construction Material: The Draft EIS fails to evaluate the impact on titanium resources from the planned use of
titanium drip shields in 100 miles or more of emplacement tunnels. The current repository design calls for the use of
such drip shields as an integral part of the waste isolation system. The Draft EIS, however, addresses only the use of
concrete, steel, and copper as the primary construction materials. The impact of extraordinarily large amounts of
titanium for waste package protection should be addressed.

Response
As described in Section 4.1.15 of the Final EIS, the annual requirement for titanium for drip shields ranges from

about 4,300 to 6,500 metric tons, depending on the operating mode and packaging scenario. The magnitude of the
comparison is the result of low U.S. production of the basic raw material, because the United States imports most of
the titanium raw material. Although the annual U.S. production of titanium raw material is only 21,600 metric tons,
the annual U.S. capacity to produce titanium ingots is 78,200 metric tons (DIRS 152457-Gambogi 1997). The
maximum annual program need is a little more than § percent of the current annual U.S. ingot production. Titanium
is classified as a Federal Strategic and Critical Inventory material and is the ninth most common element in the
Earth’s crust (DIRS 107031-U.S. Bureau of Mines 1995). Because the drip shields would not be needed until
repository closure, there would be adequate time (more than 100 years) to expand production of titanium raw
material or to import additional raw material in advance of the need to reduce impact on markets.

7.1.1 (5630)
Comment - EIS001887 / 0257
Page 4-99; Section 4.2.1.1 - Retrieval Activities

The figure on this page gives inadequate detail as to the exact location of the proposed waste retrieval and storage
area, even when combined with Figure 3-12. The figure on this page should give more detail as to the exact location
of the storage area.

Response
One of the alternative sites for the Retrieval Facility is in Midway Valley near the repository site. DOE has not yet

determined the design of this facility or its exact location. However, the Department believes that the information in
the EIS is adequate for estimating the representative environmental impacts from using this site for waste retrieval.

7.1.1 (5665)

Comment - EIS001887 / 0284

Page 5-28; Section 5.4.1 - Consequences from the Groundwater Exposure Pathway for the High Thermal Load
Scenario

The discussion of the waste package lifetime should be rewritten to indicate the new configuration of the waste
package, i.e., the Alloy-22 on the outside.

Response
Since publication of the Draft EIS, the waste package design has evolved into a more robust and corrosion resistant

design with an outside layer of Alloy-22. The appropriate sections of the Final EIS (including Section 5.2.2) now
reflect this updated design.

7.1.1 (5673)
Comment - EIS001887 / 0292
Page 5-39; Section 5.6 - Consequences from Chemically Toxic Materials

Would there be any changes to the discussion in this section based on the change in the waste package design? If so,
the Draft EIS should indicate these changes.

Response
Because of the evolving nature of the design of the repository, DOE issued a Supplement to the Draft EIS in May

2001 for public review. As indicated in the Supplement, the waste package has been re-designed. This new waste
package design information was carried forward to the Final EIS. The conclusions reached in Section 5.6 with
regard to chemically toxic materials are still valid for the new design.
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7.1.1 (5720)

Comment - 010073 / 0009

Page 1-2 - The SDEIS does not consider the potential for Yucca Mountain to accommodate spent fuel in amounts
beyond that considered within the DEIS due to the closer spacing to be achieved through the flexible design. The
SDEIS should provide a new estimate of the total potential spent fuel and other high-level radioactive waste that
could be emplaced in Yucca Mountain.

Response
Under the NWPA, the repository would be limited to 70,000 metric tons of heavy metal (MTHM); therefore, the EIS

evaluates the flexible design scenarios that support 70,000 MTHM. Based on public comments during EIS scoping
hearings, the EIS also evaluates the impacts of emplacing more than 70,000 MTHM in a repository (Inventory
Modules 1 and 2) (see EIS Sections 8.2 and 8.3.2 for a discussion of the inventories considered and the associated
impacts). These inventory projections have not changed since the Draft EIS was published, but the impacts have
been updated to reflect the flexible design. The EIS does not evaluate inventories greater than those of Modules 1
and 2.

7.1.1 (5948)

Comment - EIS001622 / 0052

The Department could not find any detailed description of the repository closure including the sealing of shafts and
ramps, etc. This element of the project should also be discussed in more detail.

Response
Supporting documents to the EIS such as the Monitored Geologic Repository Project Description Document (DIRS

151853-CRWMS M&O 2000), and other referenced supporting documents, discuss such issues as shaft seal design.
It has been established that the current technology for shaft sealing will provide for sufficient integrity of these
sealed openings that they will behave as well as the host rock in long-term performance. The EIS relies on all of
these supporting documents, including the Science and Engineering Report, to provide discussions of such
supporting details.

7.1.1 (6417)

Comment - EIS001632 / 0007

Page 2-17, Figure 2-10 does not identify the proposed locations for the cask maintenance facility and landfill.
Locations of these need to be identified in order to assess their potential impacts.

Response
DOE has considered onsite and offsite locations for the Cask Maintenance Facility. A site for the landfill has not yet

been identified. DOE would identify an appropriately sized landfill at the repository site for nonhazardous and
nonradiological construction and sanitary solid waste, and for similar waste generated during operation, monitoring,
and closure of the repository. Although the Cask Maintenance Facility may not be located at the Yucca Mountain
site (therefore not depicted on current site drawings), the EIS analysis assumed the landfill and the Cask
Maintenance Facility would be located at the repository. By doing so, the environmental impacts of these facilities
were considered in the EIS. DOE believes that the amount of information in the EIS on these facilities is adequate
to determine representative environmental impacts.

7.1.1 (6418)

Comment - EIS001632 / 0008

Page 2-21, 2.1.2.1.5: The second paragraph mentions “water used for cooling tower operations.” We found no
other description or reference to a cooling tower. The final EIS should explain the purpose of this operation and any
possible radiological or chemical contamination from the cooling tower.

Response
Figure 2-10 shows the location of the cooling tower at the North Portal Operations Area. DOE would use the

cooling tower exclusively for air conditioning of surface facilities at the repository. The tower would not be a
source of chemical contamination or radiological emissions. The Final EIS has been revised to state that the cooling
tower is not a source of chemical or radiological emissions or contamination.
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7.1.1 (6996)

Comment - EIS000817 / 0006

Once underground, you expect these casks to be retrievable. You think you can return the waste to the surface.
How? Who will do it? How hot will the tunnels be? 400° or more? What if the remote equipment breaks down, a
tunnel caves in, or there is an earthquake? What if the cask welds or seals go before you expected them to? These
are the “achilles heels” of these casks. The weaknesses in fabrication will cause problems. How are you going to
unload all those transport or storage casks at Yucca Mountain? How are you going to repackage all that spent fuel
and HLW at Yucca Mountain before you even consider putting it underground? What condition will that fuel really
be in after storage, transport, storage, transport? How many times? What happens to fuel in the wet-to-dry process
repeatedly? It is wet in the reactor and pool, dry in casks at the plant, wet in unloading again, dry in transport, wet
in unloading again? Dry in interim storage, wet or dry transfer to a disposal cask? Dry in the mountain at first, and
wet again at the end? Think of a rock in a stream encrusted with moss, etc. Take it out, dry it in the sun--what
happens? Stuff gets hard and brittle and falls off--especially if you transport the dry rock in your pocket (like fuel in
a cask). Then what happens if you put the rock in water again--say water full of chemicals like a reactor pool? Stuff
reacts--falls off--forms gases--not steam what? Remember spent fuel has pinhole leaks and hairline cracks in
cladding--any amount is acceptable to NRC [the Nuclear Regulatory Commission]. And rods may be depressurized.
Crud falls off. Blisters fall off and expose holes. Then what?

Response
The flexible design described in the Supplement to the Draft EIS and the Final EIS includes the ability to operate the

repository in a range of operating modes that address higher and lower temperatures and associated humidity
conditions. Higher-temperature means that at least a portion of the emplacement drift rock wall would have a
maximum temperature above the boiling point of water at the elevation of the repository [96°C (205°F)]. The lower-
temperature operating mode ranges include conditions under which the drift rock wall temperatures would be below
the boiling point of water, and conditions under which the waste package surface temperature would not exceed
85°C (185°F). To bound the impact analysis, DOE considered conditions under which the rock wall temperatures
would be above the boiling point of water, and conditions under which waste package surface temperatures would
not exceed 85°C.

The design of the subsurface facilities includes equipment and facilities for retrieving waste packages prior to
closure of the repository. It is true that humans would not be able to enter an emplacement drift once it has been
loaded with waste packages without the use of thermal and radiation shielding. Human entry is not planned should
retrieval be required. However, provisions have been considered for recovering from accidents or malfunctions.
See, for example, the Yucca Mountain Science and Engineering Report (DIRS 153849-DOE 2001).

Even though DOE would not expect to retrieve the waste, the impacts of such an action are examined in Section 4.2
of the EIS. Based on the current design, DOE would use the same equipment for retrieval that would be used for
emplacement. Therefore, the Department would gain experience in operating and maintaining the equipment should
retrieval of the waste become necessary. Design of the repository includes equipment that would be appropriate for
the high temperatures and radiation fields in the emplacement drifts. The design criteria include effects from natural
phenomena that could result in cave-in or other problems. In addition, Section 122 of the NWPA and the Nuclear
Regulatory Commission require the repository to maintain the ability to retrieve emplaced waste for at least 50 years
after the start of emplacement.

Design of the subsurface facility is still evolving. DOE would ensure that facilities and equipment meet all design
requirements and receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would review
the design of the retrieval equipment before licensing the repository.

The commenter is correct in asserting that the surface facilities would receive a variety of casks certified by the
Nuclear Regulatory Commission. The design of the facilities upon which DOE based the analyses in the EIS
includes appropriate facilities to handle transportation casks containing disposable canisters, dual-purpose canisters,
or bare fuel assemblies. Section 2.1.2.1 of the EIS describes these facilities. Although several spent nuclear fuel
storage technologies are in use at various commercial and DOE sites, DOE would ship spent nuclear fuel to the
repository in disposable canisters in a transportation cask, dual-purpose canisters in a transportation cask, or as
individual assemblies in transportation casks. Design of the Waste Handling building would accommodate the
unloading of all three types of canisters. As for loading the various types of fuel and canisters into disposal
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containers, there are 10 designs for disposal containers to provide all the repacking options needed. Five of the
designs would be for spent nuclear fuel from commercial nuclear plants and five would be for DOE spent nuclear
fuel.

The conditions to which spent nuclear fuel is subjected after removal from the reactor to the time when it would be
emplaced in the repository are much less severe than the conditions under which the fuel operates in service.
Therefore, degradation of the fuel would be unlikely during the transition from in-service to disposal. A small
amount of radioactive crud could be dislodged during handling but DOE has designed all of the facilities to deal
routinely with the resulting contamination. In addition, DOE has incorporated into the design a system to deal with
the small number (less than 1 percent) of damaged fuel assemblies. The operating experience in handling spent
nuclear fuel at commercial nuclear plants is substantial, and DOE has used this experience to ensure that the
facilities supporting Yucca Mountain would work as designed.

7.1.1 (7045)

Comment - EIS001337 /0008

In DEIS scoping comments, the County [Lincoln] and City [Caliente] noted that the disposal of radioactive waste in
a deep geologic repository at Yucca Mountain is characterized by both real and perceived risk. The risk of exposure
to radiation from atmospheric pathways was noted an important issue to residents of Lincoln County. Volcanism
and criticality control were presented as two issues which the County believes every aspect of repository
development and operation must be evaluated against. The County and City recommended that the DEIS include a
comparative evaluation of the extent to which alternatives for accomplishing construction, emplacement, closure,
and post-closure phases of the facility achieve containment of radioisotopes during volcanic eruption and loss of
criticality control. The DEIS does not provide a comparative evaluation of the extent to which alternatives for
construction, emplacement, closure and post-closure achieve containment of radioisotopes during volcanic eruption
or loss of criticality control. The FEIS should include such a comparative evaluation.

Response
DOE has evaluated the long-term geologic stability of Yucca Mountain, including the potential for volcanoes.

Volcanic activity has been waning in the recent geologic past; the probability of a volcano that could disturb the
repository is very low (see Section 3.1.3.1 of the EIS). Sections 5.7.2 and 5.8 of the EIS summarize potential
impacts to repository performance from volcanic disturbances and from criticalities, respectively. DOE analyzed
the effects of both a volcanic eruption, which could release volcanic ash and entrained wastes into the atmosphere,
and the intrusion of magma into the emplacement drifts, which could damage waste packages and contaminate the
underlying aquifer. DOE estimated potential impacts on the nearest population to the south, conservatively
assuming wind in that direction, and determined that the resulting radiation dose would be small. DOE believes that
it is not reasonable to rank one concept for a repository ahead of another in terms of their resistance to the effects of
volcanism or criticality because such events would be very unlikely.

7.1.1 (7173)

Comment - EIS001337 / 0064

Page 1-17 3rd paragraph. It is not clear in reviewing the DEIS whether DOE has made a finding as to whether the
repository is capable of accommodating all of the various waste volumes potentially needing disposal at the Yucca
Mountain site. Can the Yucca Mountain site handle all of the waste described in this paragraph?

Response
The EIS describes the environmental impacts from the disposal of up to 70,000 metric tons of heavy metal of spent

nuclear fuel and high-level radioactive waste. The NWPA restricts the first repository to 70,000 metric tons of
heavy metal. DOE has determined that there is sufficient space within Yucca Mountain for this amount of waste.
Chapter 8 describes the cumulative impacts from the Proposed Action along with additional amounts and types of
waste that could be disposed of in the repository, providing that Congress authorized such an action. DOE has
determined that there is sufficient space within Yucca Mountain for this additional waste.
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7.1.1 (7297)

Comment - EIS001832 /0031

DOE should increase the size of the early receipt facility in case lag storage needs increase due to delays or to
accommodate future evolutions in repository and waste package design.

The DEIS considers the possibility of early receipt of spent fuel at the proposed Yucca Mountain repository. The
early receipt facility would be capable of storing as much as 10,000 MTU of spent nuclear fuel and high-level
radioactive waste in concrete storage modules. Possible changes under consideration for the repository and waste
package design may result in the need for lower heat-load waste packages being emplaced in the repository. DOE
should consider including an analysis of the impacts associated with a larger capacity early receipt facility in order
to provide adding cooling of spent fuel to meet the needs of possible repository design evolutions.

Response
The flexible design presented in the Supplement to the Draft EIS includes provisions for surface aging of up to

40,000 metric tons of heavy metal to support the low-operating temperature operating mode of the repository. DOE
believes the impact analyses of the high- and low-temperature operating modes presented in the Supplement to the
Draft EIS (Chapter 3) and the Final EIS (Chapter 4) adequately reflect the range of possible impacts.

7.1.1 (7425)

Comment - EIS001912 /0017

If the subsurface design and performance is uncertain which leads to uncertainties about surface facility design
scenarios, how can DOE select among one of its packaging scenarios?

Response
DOE presented a range of packaging scenarios in the Draft EIS to define the range of consequences associated with

the Proposed Action. The surface and subsurface systems described in the Draft EIS and in the Supplement to the
Draft EIS, and carried forward to the Final EIS, are not tightly coupled; the only interface between the surface and
subsurface systems is the transporter that takes sealed waste packages from the waste handling building to the
emplacement drifts. A significant change in either the surface or subsurface system would not necessarily lead to
substantial changes in the other system.

7.1.1 (7463)

Comment - EIS000817 / 0009

The waste handling facility at Yucca will be receiving a huge jumble of so-called “generic” cask designs -- mostly
new, just NRC [Nuclear Regulatory Commission]-certified -- (not time tested or ever even built for prototype testing
before use at reactors). Dry cask storage is still in its infancy. But NRC keeps certifying cask after cask and utilities
change the designs for the facility needs -- meaning they all end up really being site-specific designs. All the spent
fuel will be in different containers, having different past histories by the time they get to Yucca handling. How on
earth can you have one facility appropriate to unload all of these different designs and assemblies? The specifics
here are not being looked at and they need to be evaluated -- in detail! How are you going to unload and repackage
all these casks? What are costs and doses here? We need to know this first before any repository is ever considered.

Response
The commenter is correct in that the repository would receive a variety of casks that have been certified by the

Nuclear Regulatory Commission. The design of the surface facilities at the repository, upon which DOE based the
analyses in the EIS, includes facilities to handle transportation casks containing disposable canisters, dual-purpose
canisters, and bare fuel assemblies. Section 2.1.2.1 of the EIS describes these facilities. Even though there are
several spent nuclear fuel storage technologies licensed and in use at commercial and DOE sites, the Department
would ship all spent nuclear fuel to the repository in disposable canisters in a transportation cask, dual-purpose
canisters in a transportation cask, or as individual assemblies in transportation casks. Design of the Waste Handling
building would accommodate the unloading of all three canister types. As for loading the various types of fuel and
canisters into disposal containers, the repository design now includes 10 specific designs for disposal containers to
provide all repacking options needed. Five of the designs would be for spent nuclear fuel from commercial nuclear
plants and five would be for DOE spent nuclear fuel.
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Design of the surface facilities is evolving. DOE would ensure that these facilities and equipment at the repository
would meet all design requirements and receive necessary peer reviews. In addition, the Nuclear Regulatory
Commission would review the design before licensing the repository.

With regard to the costs for unloading casks at the surface facilities and radiation exposure, Chapter 4 of the EIS
includes detailed impact analyses (including costs and exposure to workers and the public) of unloading operations.

7.1.1 (7471)

Comment - EIS000817 / 0012

Problem after problem after problem. So don’t expect a person like me, well versed in the real history of dry cask
storage, to blithely accept your plan to unload and load casks at Yucca Mountain in a handling facility. There will
be more unexpected problems there. And don’t expect me to believe retrieval is as easy as you make it sound on
paper -- without the detailed analysis necessary for this EIS. You have got to look at the track record of dry cask
storage so far, and evaluate what the utilities are doing now and how the casks they use and what they are allowing
will affect handling at the repository in the future. It all starts with spent fuel behavior in casks at reactors. That
affects your system and has got to get more attention. It is part of your concern.

Response
DOE would not use dry storage casks like those at commercial and DOE sites for disposal at the repository. Spent

nuclear fuel at the 77 commercial and DOE sites would be transported to the repository in casks licensed according
to 10 CFR Part 71. For disposal, the spent nuclear fuel would be removed from the transportation casks and loaded
into disposal containers. There exist systems that are dual-purpose and multi-purpose, with components that meet
the rigorous requirements for storage and transport, or storage, transport, and disposal. Section 2.1.1.1 of the EIS
discusses the various packaging scenarios. As described in Section 4.2 of the EIS, the design of the repository
includes equipment and facilities for retrieving the waste, even though retrieval is not part of the Proposed Action.

DOE would ensure that the design of surface facilities and equipment would meet all requirements and peer reviews.
In addition, the Nuclear Regulatory Commission would review the design before licensing the repository.

7.1.1 (7814)

Comment - EIS001653 / 0015

Is the surface facility design dependent upon transportation activities? If so please explain the relationship, which
exists between the surface design scenarios and the selected transportation scenarios.

Response
The transportation and subsurface emplacement scenarios would influence the design of the surface facilities at the

repository. Changes in the design of cask, containers, and waste packages, and the schedule for the receipt and
emplacement of waste, would affect the design of the surface facility. For example, if most of the waste shipments
arrived in permanently sealed multi-purpose canisters (canisters designed for shipment, surface storage, and
emplacement in the repository), DOE could put the canisters directly in disposal containers. If most spent nuclear
fuel assemblies arrived in shipping casks or in dual-purpose canisters, DOE would configure the surface facilities
and equipment with a greater capacity to remove individual assemblies from the casks or canisters and stage them
before packaging them individually in disposal containers. The surface facilities would not be very dependent on
transportation routes.

7.1.1 (7982)

Comment - EIS000817 / 0045

On p. 2-16 you realize everything also depends on how the waste arriving is packaged. You blithely say you will
test interior gases of these casks, vent and cool them, and remove their lids as if it is just a common practice. Well,
it has never been done with any of the present cask designs up for certification holding 21-24 etc. assemblies. You
don’t know how this will work at all. Especially with the lack of standardization and integration of the many cask
designs utilities are loading -- with any total waste system DOE has in mind. Your p. 2-19 is a fantasy at this point.
And so is p. 2-20 -- so you have a pool to empty the dual purpose canisters -- every design? How? What chemicals
in the pool? How [are] gases released? How [are] filters cleaned? What reactions [are] possible with cask materials
and pool water? The casks affect the pool and the pool affects the casks -- and over time how dirty will that pool
become? Can you really do this?
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Response
The assertion that testing and venting of interior gases from waste casks has never been done is inaccurate. The

spent nuclear fuel at the 77 commercial and DOE sites would be transported to the repository in casks licensed
according to 10 CFR Part 71. DOE has more than twenty years of experience using these transportation casks,
including initial cask-unloading operations that check the cask for contamination, sample interior gases, vent the
interior gases through filtration, and unbolt the lid. All transportation casks used to ship spent nuclear fuel would
comply with 10 CFR Part 71 and include features to accomplish these initial cask-unloading operations.

DOE has extensive experience with pools for spent-fuel loading and unloading operations. The design of the spent
nuclear fuel pools to be used for unloading in the Waste Handling Building is similar to the design of pools used at
DOE and commercial facilities. The design includes systems to continually treat the pool water for removal of
radioactive contamination by pumping the pool water through particulate filtration, ion exchange, and sterilization
systems. Vacuum systems and leak-detection systems are also included.

7.1.1 (7986)

Comment - EIS000817 / 0047

You talk about maintaining pressure differentials to ensure an air flow for ventilation. Depending on anything not
passive is risky. Fans can break. Then what? How contaminated would a fan be? How long to replace a defective
one or broken one with the standby one? If that one has problems, how long before you have a problem heat up in
the repository? What are risks here?

Response
Ventilation will be active to help remove heat from the emplacement shafts during the preclosure period. In the

event of a ventilation failure, a very slow build up of heat would begin in the repository. There would be no adverse
consequences from this heat. For example, other repository designs were evaluated without active ventilation and
repository performance was acceptable. The forced-air ventilation system has been added as a conservative defense-
in-depth feature to maintain a lower drift-wall temperature (described in the Supplement to the Draft EIS that was
released for public review in May 2001 and the Final EIS). If a fan failed, it could be repaired or replaced within a
couple of weeks; this would not cause any detectable impacts.

The exhaust system is designed to prohibit the exhaust of radioactively contaminated air. Design of the repository
ventilation system includes air monitoring for radioactivity and a feature to avert exhaust through high-efficiency
particulate air filtration prior to exhausting if any radioactivity is detected.

The design of the repository ventilation system is still evolving. DOE would ensure that the final design meets all
requirements (including development of adequate maintenance and inspection programs) and receive necessary peer
reviews. In addition, the Nuclear Regulatory Commission would review the design before licensing the repository.

7.1.1 (7988)

Comment - EIS000817 / 0048

P. 21 -- What is the “cooling tower”? You say water from it will be put in ponds lined with “heavy plastic sheets”?
How long will these last? And how contaminated will that area become long term? -- Can wastewater leak at seams
of sheets? No plastic sheet lasts very long.

Response
The design of the repository includes cooling towers adjacent to the utility building to support heat rejection from

the utility building chiller systems. Water from the cooling tower, among other industrial streams from the water-
softening and deionized water systems would be collected in an evaporation pond located in the North Portal
Operations Area. The purpose of this pond would simply be to collect and evaporate the collected wastewater.
Water from these industrial streams would not contain any hazardous materials.

The design of the repository is still evolving. DOE would ensure that the industrial wastewater-evaporation system
meets all applicable design requirements (including development of adequate maintenance and inspection programs)
and receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would review the design
before licensing the repository.
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7.1.1 (8001)

Comment - EIS000817 / 0056

I am very interested in the support for the casks. Why are they designed this way? I gather the cask sits horizontally
on a “V” of steel. What kind of steel? This is a crucial area of metal on metal and needs as much corrosion
resistance as possible, for water could collect or condense there later on and rust these two metal surfaces together
and prevent retrieval. This is a real concern. It was with [the] VSC-24 canister sitting on [the] metal liner of the
concrete outer shell. NRC [Nuclear Regulatory Commission] demanded a different design and ceramic tiles were
the accepted solution between these metal-to-metal surfaces so they wouldn’t corrode together and prevent retrieval
there. But -- handling procedures had to be very carefully directed not to set the inner canister down too hard on the
tiles and crack them. Are they now cracked in loaded VSC-24s? Nobody knows. None has ever been unloaded.
What is DOE’s evaluation of corrosion rusting the support and the cask together over time? Has this been done? It
needs to be done.

Response
The waste package support evaluated in the Draft EIS was a steel “V” type; it would be made of the same material

that would be used to fabricate the waste package. The design of both the waste package and support were updated
in the Supplement to the Draft EIS that was issued for public review in May 2001. The updated design would place
the waste package on an emplacement pallet during the transfer of the package to the subsurface. Both the outer
barrier of the waste package and pallet would be made of Alloy-22. If waste retrieval were required, the waste
package and pallet would remain together and transferred to the surface.

The design of the subsurface facility is still evolving. DOE would ensure that the design of these facilities and
equipment meet all requirements and receive necessary peer reviews. In addition, the Nuclear Regulatory
Commission would review the design before licensing the repository.

7.1.1 (8003)

Comment - EIS000817 / 0058

If you reuse the railcar and the shielded transporter, how contaminated will they be over time? How will that affect
the outer surface of waste packages -- and eventual doses at retrieval? P. 2-32 sounds like playing with a train set --
and you expect this all really to work as expected over all that time? I sure don’t. What are doses if somebody has
to get in there and fix that gantry or locomotive system? You know it’s like these outer space landers -- one little
screw or something loose and the whole thing goes “Kaflooey.” All that money lost! I predict problem after
problem with your system that will cost the public plenty. There is too much that can go wrong here.

Response
The current design of the repository specifies that loaded waste packages are remotely decontaminated to specified

activity levels prior to loading into the waste package transporters. A waste package would also be welded shut,
inspected, and leak tested to ensure no leakage of radioactive contamination. Thus, contamination of the rail car and
transporter would be minimized such that dose rates resulting from such incidental contamination would be
negligible and would have no discernible effect on the dose rates from the spent nuclear fuel in the waste package.

The design of the subsurface facility is still evolving. DOE would ensure that the facility and equipment designs
(including necessary radiological surveys and decontamination of the transporter) meet all design requirements and
receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would review the design before
licensing the repository.

7.1.1 (8018)

Comment - EIS000817 / 0069

P. 2-57 -- You need drip shields -- but will they work? How have they been tested? What ceramic coating has been
tested? If rockfall could crack it, it may exacerbate corrosion in the cracks; have you thought of that? Water will
collect in cracks in ceramic and rust there. What “additions” and “fillers”? What “getters” under waste packages?
Anything -- any other materials -- chemicals especially -- need to be evaluated for final repository conditions when
everything in there becomes mushed together in a “radioactive soup.” -- What will be the interactions of materials
then? And interactions of new materials formed from interactions? This is crucial to your plan and must be
evaluated in detail.
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Response
As described in the Supplement to the Draft EIS (released for public review in May 2001) and in the Final EIS,

titanium drip shield would be installed over each waste package just prior to repository closure. The drip shields
would be an additional barrier to corrosion by diverting any water away from the waste packages. The drip shields
would survive rockfalls.

Since DOE issued the Draft EIS, the design of the waste package has evolved for the reasons mentioned in the
comment (cracks in ceramic coatings). Therefore, the design no longer has these coatings. The waste package
design now consists of a highly corrosion-resistant outer barrier of Alloy-22 with an inner structural liner of stainless
steel.

The design of the repository is still evolving. DOE would ensure that the final design of facilities and equipment
(including compatibility of all subsurface materials, including fuel and engineered and natural barriers) would meet
all requirements and receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would review
the design before licensing the repository.

“Getters” and “fillers” are yet-to-be-identified materials that could be added beneath and inside the waste package to
further retard the migration of radionuclides. If DOE decided to include such features in the repository design, it
would have to evaluate them fully to determine their impacts on the drift environment. At present, these features are
not part of the design of the repository.

7.1.1 (8312)

Comment - EIS000817 /0110

Figure 4-6. Where did this “typical” concrete storage module design come from? I’ve never seen one like it. How
can there be an air inlet and an air outlet at the top of the cask? All the casks I know have inlets at the bottom and
outlets at the top, and NRC [Nuclear Regulatory Commission] has stated that if all inlets on the bottom are blocked,
the outlets at the top will not act as inlets. Please explain your design. What are the locking plates for? Is this a
2-piece thing, or what? If so, why? You have only a shield lid on top -- isn’t a double welded closure demanded by
NRC? Also, I don’t understand the steel liner -- why isn’t it under the waste package too? And if there is metal-to-
metal contact at the base of the waste package and the liner, you need to prevent corrosion there with ceramic tiles
or something. Moisture can condense on the flat surface of the bottom of the waste package.

Response
Conceptual, rather than typical, could be a more appropriate title for Figure 4-6. The figure is based on preliminary

design work for the Multi-Purpose Cask System (see DIRS 101775-DOE 1994); this system is not currently licensed
or inuse. The conceptual design was used to estimate such things as crane capacities, pad sizes, and material
quantities, but should not be used for evaluating detailed features such as cask ventilation. The final design would
have to be approved by the Nuclear Regulatory Commission prior to use if retrieval was necessary.

The locking plates shown in Figure 4-6 simply provide the means to assemble a multi-piece unit, which can be more
economically shipped and handled at the repository. From the figure it can be seen that at the locking plate location,
the thick steel components of the locking plates provide shielding equivalent to the concrete cross-section.

The steel liner in the typical unit is simply a heat barrier for the concrete wall and as depicted in Figure 4-6; the
bottom of the waste package is not exposed to concrete.

The shield lid of the storage unit provides no sealing to the spent nuclear fuel. The double seal required for storage
by 10 CFR Part 72 is accomplished by the waste package itself, which becomes part of the storage system when it is
placed in the typical storage unit.

The design of the repository is still evolving. DOE would ensure that the design of the facility would meet all
requirements and receive necessary peer reviews. In addition, the Nuclear Regulatory Commission would review
the design before licensing the repository.
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7.1.1 (8567)

Comment - EIS000817 / 0175

P. 9-15 Access to Waste Packages -- All these fillers, etc. -- how would you get this all out to get at the cask?
“Modified waste emplacement” -- this sounds more feasible -- a main tunnel for access and casks in alcoves or short
side tunnels -- The idea of a track getting clogged by a rock fall or something, and not usable, would certainly be
easier to “unclog” if casks weren’t in the way. Keep the main tunnel for personnel movement and use alcoves for
waste -- easier to monitor and repair and replace. Also less chance of one problem causing a mess with the whole
tunnel. This paragraph is full of some good creative thinking here. Work out all possibilities and test them. Take
your time. Do this the best way possible if you are going to do it at all. Keep your mind free to all possibilities.
Maybe nobody has thought of the best way to do this yet. Keep some people just at the job of brainstorming or have
brainstorming sessions for personnel together periodically. The best document I’ve read is when NWTRB [the
Nuclear Waste Technical Review Board] had that creative meeting on waste package ideas. It was great! I read the
transcript. People interacting who are experts -- saying what comes to mind as workable and then discarding it, but
at least not “bogged down” in one old idea that won’t work.

Response
DOE has considered alternate configurations for the main tunnels and emplacement drifts at several stages during

the design of the repository. DOE considers the current design, which incorporates parallel emplacement drifts
connected to main drifts, to be the most appropriate arrangement for construction, handling, and operation.

7.1.1 (8568)

Comment - EIS000817 /0176

P. 7-16 Rod Consolidation -- I’ve read a lot about this in the past and it “sounds” good, but the end fittings create a
problem. I guess it costs more and the utilities won’t do it anyway. It would save space. But no cask designs are
out there for this that I know. They were interested in this years ago and discarded the idea.

Response
Section E.2.2.6 of the EIS considered rod consolidation in conjunction with a wide range of design options and

alternatives. Rod consolidation is not included in the current design for the Yucca Mountain repository.

7.1.1 (8570)

Comment - EIS000817 / 0178

P. 9-16. 2-level repository -- would help retrieval, but could one above the other allow for more avenues of seepage
eventually?

Response
As this comment suggests, a multilevel design could provide a quicker pathway for seepage to reach certain waste

packages. However, the updated flexible design evaluated in the Final EIS does not include a consideration for
waste packages being emplaced in multiple layers.

7.1.1 (8580)

Comment - EIS000817 /0184

P. H-5. 4 PWR assemblies in a basket? I had no idea that’s all you planned to put in there. A suspended basket
should not be allowed to go above another basket -- redesign this. NRC [the Nuclear Regulatory Commission]
doesn’t allow a cask of fuel to be carried over other assemblies in the pool -- and for good reason.

Response
The baskets used for transferring assemblies of spent nuclear fuel are designed to hold four pressurized-water

reactor assemblies or eight boiling-water reactor assemblies. During all basket transfers, the operations would be
conducted to avoid moving one basket over another. However, in that part of the operation where the basket would
be placed in the assembly drying station, the assemblies would be close enough together so that it would not be
possible to ensure that a failure that caused the suspended basket to drop would not result in the dropped basket
contacting another basket. If a release of radionuclides occurred as a result of the basket drop, a corresponding
coincident failure (within 24 hours) of the high-efficiency particulate air filtration system would be required before
workers or the public could be exposed to any significant radioactivity. For the design described in the Supplement
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to the Draft EIS and the Final EIS, coincident failures of the basket transfer system and the high-efficiency
particulate air filtration system are not considered to be credible.

7.1.1 (10453)

Comment - EIS001337 /0013

The County [Lincoln] and City [Caliente] recommended that the DEIS assess alternative materials which might be
used to achieve closure for their relative contribution to risk management, retrievability and cost. The DEIS does
not appear to consider the risk management, retrievability and cost attributes of alternative materials which might be
used to achieve repository closure. Absent such information, closure decisions cannot be supported by the
document.

Response
As a result of the evaluation of the “Viability Assessment of a Repository at Yucca Mountain” (DIRS 101779-DOE

1998) and concerns such as those of the Total System Performance Assessment Review Panel, DOE modified the
waste package design and added a drip shield over the waste packages. The waste package would have Alloy-22 as
the outside layer with stainless steel on the inside. The titanium drip shield would add further defense-in-depth to
the design.

Because of these evolving design changes, DOE issued a Supplement to the Draft EIS in May 2001. The
information provided in the Supplement, and incorporated into the Final EIS, describes the potential impacts
associated with the design modifications, which took into consideration thermal, mechanical, and chemical
performance, ease of fabrication, costs, and compatibility with other materials.

While DOE believes the design enhancements will improve the proposed repository’s chances of complying with
regulatory requirements over the long term, it would maintain flexibility with regard to when it would ultimately
close the repository and under what conditions it would retrieve the waste material. To maintain flexibility and an
ability to respond to changing conditions and technologies, Section 122 of the NWPA requires retrievability at a
high-level radioactive waste repository. Federal regulations (10 CFR Part 63) require that the repository be designed
to preserve the option of waste retrieval on a reasonable schedule for as long as 50 years after the start of waste
emplacement. Consistent with these requirements, the operational plan for the Yucca Mountain Repository provides
for a design and management approach that isolates wastes from the public in the future while allowing flexibility to
preserve options for modifying emplacement and retrieving waste. This design would maintain the ability to
retrieve emplaced materials for at least 100 years and possibly as long as 300 years in the event of a decision to
retrieve the waste, either to protect the public health and safety or the environment, or to recover resources from
spent nuclear fuel. During this period, the repository would remain accessible for scientists to continue testing and
monitoring while providing more flexibility for future generations of scientists and engineers to determine the
timing and methods of repository closure.

Once the repository is closed, a postclosure monitoring program would be implemented pursuant to 10 CFR Part 63.
This program would include monitoring activities around the repository after the facility had been closed and sealed.
The program would include continued oversight to prevent barriers of increasing the radiation beyond allowable
limits. The details of this program would be defined during the processing of the license amendments for permanent
closure.

7.1.1 (11436)
Comment - EIS001888 / 0355
[Clark County summary of comments it has received from the public.]

Commenters requested that the EIS justify the selection of the alternatives, and that the alternatives and options be
sufficiently defined to comprehensively describe the affected environment, and to allow an equivalent analysis
(between alternatives) of potential positive and negative impacts to human health and the environment (e.g.,
groundwater, air, socioeconomics) from routine operations and accidents during construction, operation, and
closure. The types of detail identified include: construction methods, facilities, used at Yucca Mountain, subsurface
attributes [to] ensure that SNF and HLW can be contained, surface and subsurface operations (e.g., handling,
packaging, emplacement, secondary waste handling, mitigations), anticipated waste package characteristics (e.g.,
fuel age, heat, size), retrieval scenarios.
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Response
The Proposed Action is to construct, operate and monitor, and eventually close a geologic repository at Yucca

Mountain. The only alternative to the Proposed Action considered in the EIS is the No-Action Alternative. Under
the Proposed Action, DOE examined several transportation modes and routes and various design alternatives. Many
aspects of the design and operation of the repository are based on conservative assumptions or covered by a range of
possibilities. This approach allows DOE to continue to refine and improve the design before settling on final design
and operational specifics. DOE believes that the level of detail presented in the EIS is sufficient to analyze and
compare the various alternatives and design options. During any licensing process with the Nuclear Regulatory
Commission, DOE would evaluate the design alternatives and options in greater detail, as necessary, to demonstrate
compliance with applicable requirements.

7.1.1 (11437)
Comment - EIS001888 / 0514
[Clark County summary of comments it has received from the public.]

Commenters requested that the EIS justify the selection of the alternatives, and that the alternatives and options be
sufficiently defined to comprehensively describe the affected environment, and to allow an equivalent analysis
(between alternatives) of potential positive and negative impacts to human health and the environment (e.g.,
groundwater, air, socioeconomics) from routine operations and accidents during construction, operation, and
closure. The types of detail identified include: pre- and post-closure monitoring programs, and institutional
controls.

Response
The Proposed Action is to construct, operate and monitor, and eventually close a geologic repository at Yucca

Mountain. The only alternative to the Proposed Action considered in the EIS is the No-Action Alternative. Under
the Proposed Action, DOE has defined several transportation modes and routes and various design alternatives.
Many aspects of the design and operation of the repository are based on conservative assumptions or covered by a
range of possibilities. This approach allows DOE to continue to refine and improve the design before settling on
final design and operational specifics. DOE believes that the level of detail presented in the EIS is sufficient to
analyze and compare the various alternatives and design options. During any licensing process with the Nuclear
Regulatory Commission, DOE would evaluate the design alternatives and options in greater detail, as necessary, to
demonstrate compliance with applicable requirements. DOE expects that the environmental consequences of the
final design would be adequately bounded by the consequences of the design analyzed in the EIS.

As described in Section 4.1 of the EIS, DOE would conduct testing and performance confirmation activities during
all the phases of the repository project prior to closure to evaluate the adequacy of the information it used to
demonstrate compliance with the performance objectives.

DOE would also design and implement a postclosure monitoring program in compliance with the Nuclear
Regulatory Commission regulations (at 10 CFR Part 63). Prior to closure, DOE would submit a license amendment
to the Commission for review and approval. The license amendment application would include among several
items, an update of the assessment of the performance of the repository for the period after closure; a description of
the postclosure monitoring program; a detailed description of the measures to be employed to regulate or prevent
activities that could impair the long-term isolation of the waste; and methods to preserve relevant information for
use by future generations.

The application also would describe DOE’s proposal for continued oversight to prevent any activity at the site that
would pose an unreasonable risk of breaching the repository’s engineered barriers, or increase the exposure of
individual members of the public to radiation beyond allowable limits. DOE has modified the EIS to include the
types of monitoring and other institutional controls that would be contemplated. The details of this program,
however, would be defined during the processing of the license amendment for closure. This would allow DOE to
take advantage of new technological information, as appropriate.

As described in Section 2.1 of the EIS, the Proposed Action would use two types of institutional controls—active
and passive. Active institutional controls (monitored and enforced limitations on site access; inspection and
maintenance of waste packages, facilities, equipment, etc.) would be used through closure. Passive institutional
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controls (markers, engineered barriers, etc., that are not monitored or maintained) would be put in place during
closure and used to minimize inadvertent exposures to members of the public in the future.

7.1.1 (11703)

Comment - EIS002312 / 0001

Why not use soda ash (refined) to plug the walls of the storage repository! Soda ash will let out heat, keep out
water, keep in radioactive waste. Soda ash will not break down over long periods of time.

Response
The evolving design of the repository, as described in the Supplement to the Draft EIS and carried forward to the

Final EIS, now includes a more robust waste package to delay by more than 10,000 years the release of
radionuclides from the repository. The design also includes a titanium drip shield over each waste package to limit
and moisture that could otherwise contact the waste packages. DOE also considered backfilling the emplacement
drifts, but eliminated this concept because of its adverse impact on the cladding temperature of spent nuclear fuel.
The design of the liner has evolved from an all-concrete liner to a combination of steel inverts with steel sets and
welded-wire fabric with grouted rockbolts (see the Supplement to the Draft EIS and the Final EIS). DOE abandoned
the all-concrete concept due to concerns about the long-term impacts of the concrete on the alkalinity of the drift
environment, and the potential for corrosion of the engineered barrier and waste package components. In addition,
DOE considered near-field treatment of rock in the repository design, as discussed in Section E.2.2.17 of the EIS.
The rock treatment would inject a low-permeability grout into cracks in the rock above each emplacement drift to
limit the amount of water that could seep into the drift.

The use of soda ash for plugging the walls of the repository, whether as a backfill or a rock treatment material,
would raise the alkalinity of the repository environment. In addition, the use of soda ash as a backfill would have an
adverse effect on heat removal and cladding temperatures. DOE would continue to refine the design of the
engineered barrier system to reduce the creation of preferential pathways for water to contact the waste packages
and to reduce the migration of radionuclides through existing pathways.

7.1.1 (12380)

Comment - 010073 / 0005

Table S-2 - The SDEIS offers no explanation of the need for up to 4 times as much electrical energy and 5 times as
much waste generation for the lower temperature alternative than the DEIS design.

Response
Both the higher-temperature and lower-temperature operating modes of the flexible design use electrically powered

fans for forced-flow air cooling to the emplacement drifts. The number of fans operating would gradually increase
from the start of emplacement to the completion of emplacement when all fans had been placed in operation. The
fans would continue to operate during monitoring for up to 300 years, depending on the specific scenario. The Draft
EIS scenarios included much smaller fans for ventilation only, and did not include the operation of fans to cool the
emplacement drifts. The substantially increased capacity of the fans, and the operation of the fans for up to

300 years, are the reasons that the use of electrical power for the flexible design scenarios is greater than the
electrical use for the design in the Draft EIS.

The commenter refers to the upper range of construction and demolition debris generated under the lower-
temperature operating mode; 810,000 cubic meters compared to 150,000 cubic meters under the Draft EIS thermal
load scenarios. Section 3.1.12 of the Supplement to the Draft EIS discusses waste generation, as does Section 4.1.12
of the Final EIS. This section explains that the largest waste volumes would result from the lower-temperature
operating mode with surface aging of waste. Additional waste would be generated from the construction and
demolition of the surface aging facility and 4,500 dry storage vaults.

7.1.1 (12432)

Comment - EIS000817 / 0075

“Dry storage units are simpler and easier to maintain.” What is the basis for this statement? You mean than aging
pools? Are they really? Do you realize the huge number of problems with dry cask so far? At least in a pool you
can see the assemblies. You know what is happening with them and with the water. You have access to them to
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change situations. This idea that once in a cask, everything is fine, is based on nothing -- just predictions. You
don’t really know.

Response
Dry storage casks such as those in use at commercial facilities would not be used at the repository. In the unlikely

event that the waste would be retrieved from the repository, the Alloy-22 waste packages would be brought to the
surface and stored in dry storage units.

The Nuclear Regulatory Commission has concluded that above-ground dry storage is a viable option at commercial
plants. Dry storage units are described as “simpler and easier to maintain” than pool storage because they provide
passive cooling of spent nuclear fuel, as well as shielding. Unlike spent nuclear fuel pools, dry cask storage requires
no treatment equipment to keep the pool water clean, involves no filtration, and generates no radioactive waste while
maintaining shielding and allowing the spent nuclear fuel to cool.

The problems referred to by the commenter are widely documented in Nuclear Regulatory Commission bulletins,
inspection reports, letters, and other public documents. The problems involve the use of a storage technology that
uses a mostly carbon-steel fuel basket (internals and shell) with anti-corrosion coatings. The majority of the spent-
fuel-storage technologies use stainless steel and either no or limited amounts of anti-corrosion coatings. Many of
the problems cited resulted from a failure of the licensee to adequately implement the required quality assurance and
quality control programs.

7.1.1 (12606)

Comment - EIS000817 / 0033

Your term “incident free” sounds like a sale -- nothing is really “free” -- expect “incidents” -- there will be some,
and I expect faulty fabrication of casks and poor designs and handling procedures for casks to provide the biggest
doses to workers and the public. These designs are new, vendors are new, subcontractors are not used to nuclear QA
criteria, etc. -- a perfect setup for problems. And we already have a lot in dry cask storage at plants. The track
record is bad already!

Response
The design, fabrication, and handling of waste packages are subject to the same level of peer review, public review,

and regulatory review as the rest of the repository program. The waste packages would be fabricated under the
American Society of Mechanical Engineer’s Section III nuclear codes (DIRS 145103-ASME 1998). This approach
has been successfully used in the past to ensure high-quality components. Dry cask storage at commercial plants is
designed for interim (about 100 years) storage above ground, not for underground disposal. The waste package that
would be used at the repository would far exceed the performance and reliability of waste containers currently used
for dry cask storage at commercial sites.

7.1.1 (13373)

Comment - 010182 /0016

The SDEIS states that titanium drip shields will be constructed on site and placed over the waste packages after
emplacement. It states that titanium is extremely corrosion resistant; however, on Page 3-19, para. 3.1.15 “Offsite
Manufacturing,” it states that titanium is “somewhat difficult to refine into metal.” The installation of drip shields at
the time of repository closure may result in transportation of shields to the site over a relatively short period of time
rather than during emplacement; and the cost of drip shields will be deferred. This does not seem to be consistent
with protecting the waste packages and ultimately protecting the public and environment from potential escape of
radionuclides during emplacement. If the drip shields are emplaced during waste package emplacement, will funds
be available when needed? The SDEIS should consider:

a. An analysis, now, on the ability for the DOE to mass produce the drip shields presently, and on the cost to
produce and install the drip shields at time of waste package emplacement;

b. The transportation accident and fatality risk associated with a short-duration campaign to ship drip shields to the
site; and

c. A mitigation measure to include installation of drip shields at time of waste package emplacement.
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Response
DOE believes that Congress, having directed the Government to embark on this project, will continue to fund it

adequately to protect the public health and welfare. As reported in Nuclear Waste Fund Fee Adequacy: An
Assessment (DIRS 153257-DOE 2001), the Nuclear Waste Fund investments had a market value of $8.5 billion as of
September 30, 1999. The report found that the current fee of 1 mil per kilowatt-hour charged to generators of
commercial spent nuclear fuel was adequate to cover projected disposal expenses (including costs associated with
packaging and transportation and updated to include a variety of operating modes and closure modes, including drip
shields, and schedules for the flexible design) and recommended that the fee remain unchanged.

Response to comment subparts:

a. Section 2.15 of the EIS describes the results of the estimates to produce, deliver, and install the drip shields.
The report Life Cycle Cost Analysis for Repository Flexible Design Concepts (DIRS 156900-DOE 2001) is
based on the TSLCC and contains cost estimates for the 70,000 MTHM Proposed Action. Section 2.4.4 of the
Science and Engineering Report (DIRS 153849-DOE 2001) describes the feasibility of using drip shields.

b. The transportation accident and fatality risk associated with transporting drip shields to the repository has been
added to the Final EIS transportation analysis. See Section 6.1.3 of the EIS for more information.

c. During the preclosure period the repository is ventilated. Also the newly emplaced packages are at their highest
heat output. During this preclosure period there is no dripping from infiltrating water due to the de-watering
effect of the heat output and the ventilation. Under these conditions only humid air corrosion would take place.
The drip shields’ only purpose is to prevent liquid water from dripping on the waste packages so that liquid
water corrosion effects are prevented. Prior to closure there is no dripping and therefore no need for the drip
shields.

7.1.2 SUPPLEMENT TO THE DRAFT EIS FLEXIBLE DESIGN

7.1.2 (2249)

Comment - 010212 / 0005

One of the changes from the DEIS design is to have one canister transfer line instead of two, based on “further waste
stream requirements analysis,” and a reduction from three to two assembly transfer lines. We have not read the
reference for those changes but we are curious about reducing redundancy to account for maintenance or equipment
malfunction. We recommend that redundancy of equipment be a design parameter, as we understand it is one of the
hallmarks of the nuclear industry’s excellent safety record.

Response
Operation, preventive maintenance, and the repair of malfunctions at the repository would be part of the detailed

engineering process during License Application, if the Yucca Mountain site was designated for the repository. The
difference in the number of processing lines between the Draft EIS and Final EIS was based on the planned level of
operation and the rate at which the flexible design would handle the waste stream. If it was determined that
malfunctions in the transfer lines would be likely to impair the ability to meet processing requirements successfully,
design alternatives, including redundant capability, would be considered.

7.1.2 (12362)

Comment - 010491 / 0002

The use of titanium as a roof over the waste inside the repository only makes the repository more attractive
commercially to tomb robbers.

Response
Under the advice of the National Research Council of the National Academy of Sciences, the Environmental

Protection Agency elected to exclude considerations of deliberate human intrusion from the final repository
performance standard (40 CFR Part 197). This is primarily because it is impossible to characterize any range of
deliberate acts of humans in the future and also because of the long period of administrative control. However, DOE
did evaluate potential impacts of an inadvertent human intrusion in a manner required by the Environmental
Protection Agency’s recent Public Health and Environmental Radiation Protection Standards for Yucca Mountain,
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Nevada (40 CFR Part 197) to gain insight into the robustness of the repository design. The result reported in the
Draft EIS was one-fifteenth of the standard set by the Environmental Protection Agency. The Final EIS includes an
updated version of this analysis.

7.1.2 (12654)

Comment - 010099 / 0004

It is not clear that the “S&ER flexible design” discussed in the SDEIS is the same as that used in the TSLCC
document which uses a “Reference System Design” (“capable of emplacing 97,000 MTHM”) from a “Project
Description Document” not made available to the public. The FEIS should clarify this.

Response
The commenter is correct in noting that the flexible design is not the same as the reference design referred to in

Analysis of the Total System Life-Cycle Cost of the Civilian Radioactive Waste Management Program (DIRS
153255-DOE 2001). The flexible design includes the reference design as the higher-temperature operating mode.
The other operating modes of the flexible design, referred to as lower-temperature operating modes, were discussed
generally in Chapter 8 of DOE (DIRS 153255-2001). The Life Cycle Cost Analysis for Repository Flexible Design
Concepts (DIRS 156900-DOE 2001) is an update to the information provided in the May 2001 report and is for the
full range of the flexible design for 70,000 MTHM. The estimated costs associated with the Proposed Action have
been updated in the EIS (see Section 2.1.5).

7.1.2 (12690)
Comment - 010480 / 0002

The retrievability-
To maintain waste package retrievability. The drip shields would be placed over the waste packages just before
repository closure.

What happens if the drip shield [gets] dripped on and becomes contaminated and possible melt down effect occurs?
How can you retrieve them?

Response
Drip shields would be emplaced just prior to permanent closure of the repository. Therefore, their emplacement

would occur only after satisfactory completion of the performance confirmation program which, under certain
implementation options, could extend for more than 300 years after final emplacement of the waste packages. The
purpose of the performance confirmation program is to ensure that the engineered barriers and the geologic setting
are performing as predicted by the long-term performance models thus ensuring compliance with the Environmental
Protection Agency’s Human Health and Environmental Protection Standards (40 CFR Part 197) as well as the
Nuclear Regulatory Commission’s licensing criteria (10 CFR Part 63). Once the determination has been made that
the repository is in compliance with the long-term performance standards, a license amendment would be prepared
and submitted to the Nuclear Regulatory Commission requesting approval for permanent closure of the repository
(possibly more than 300 years in the future). The drip shields would not be emplaced until approval to close the
repository was received from the Nuclear Regulatory Commission.

The repository design allows for maintenance of systems and structures such that retrieval of the waste packages
would be possible up to the time of permanent closure. After emplacement of the drip shields and closure of the
repository, retrieval of the waste packages would not be expected or planned.

For a period after closure, the intrinsic heat of the waste packages would be sufficient to drive liquid moisture away
from the waste packages and the drip shields. At some time in the future, the waste packages would cool to a point
that allowed infiltrating liquid water to drip onto the drip shields. The purpose of the drip shields would be to
prevent liquid water from dripping on the waste packages, which could increase corrosion rates and shorten the life
of the waste packages. However, studies have determined that use of drip shields probably would ensure the
integrity of the vast majority of the waste packages for more than 10,000 years.

With regard to drip shields becoming contaminated and undergoing a meltdown, DOE is not aware of any scenario
related to dripping water that could produce such an effect.
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7.1.2 (12959)
Comment - 010249 / 0013
Clarify the appropriateness of DOE’s “criteria for repository area selection”

In Section 2.3.3 of the SDEIS, DOE introduces a set of criteria that are constraints on the location of the below
ground repository (type of rock formation, proximity to faults, distance from the surface, and distance from the
water table). It is not entirely clear that these criteria are necessary at this time. DOE should either remove these
constraints from the FEIS or better explain the reason for imposing them.

Response
The criteria mentioned are part of the assumptions for the design basis for the flexible design. The criteria are

imposed by the Yucca Mountain Project, not the EIS. The criteria for location of the repository are detailed in the
Subsurface Facility Design Description Document that was referenced in the Supplement to the Draft EIS where the
criteria in question were stated. The criteria are based primarily on requirements set forth in the Nuclear Regulatory
Commission regulation for high-level waste disposal (10 CFR Part 63) which are then further detailed in DOE’s
Mined Geologic Repository Requirements Document. The repository must meet the requirements of this regulation
in order to be licensed by the Nuclear Regulatory Commission. Further information on development of these
criteria can be found in the design description document. The relationship of each of the criteria to the regulation
and related rationale are as follows:

Location in the Topopah Spring Formation:
10 CFR 63.113(b) requires the repository to be within the TSw2 geologic unit. This is primarily because the rock in
this unit has general properties favorable to containment and isolation.

Avoid major faults:

10 CFR 63.113(a) requires the geologic repository to include a natural barrier. Major faults represent potential
preferential pathways and therefore are potential breaches of the natural barrier. Therefore a standoff distance is
established between the repository openings and Type I faults to ensure the presence of a natural barrier.

Locate at least 200 meters below the surface:

This is related to 10 CFR 63.113(b) and stems from a requirement in the Mined Geologic Repository Requirements
Document (Section 3.3.C) which states specifically that there will be an overburden of 200 meters for the perimeters
of the drifts at the emplacement level. The rationale for this is primarily to maintain sufficient distance from human
influence and the surface environment.

Locate at least 160 meters above the existing water table:

This is also related to 10 CFR 63.113(a) requiring natural barriers. This leads to the need for sufficient separation
from the water table to avoid future climate conditions causing the water table to reach the level of the repository
and sufficient separation from faults. Several lines of evidence point to a past waster table elevation at Yucca
Mountain of at most 115 meters above the present-day level. It was also determined that better repository
performance would be ensured if the water table remained below the farthest extent of boiling influence from the
heat generated by the waste. Consideration of all these factors led to the 160-meter criteria.

7.1.2 (12960)
Comment - 010249 / 0014
Correctly reflect storage cask design standards

In Section 3.1.15 of the SDEIS, DOE makes the following statement regarding the carbon-steel shells in dry storage
casks (in the 4th paragraph on p 3-19); “The shell... manufactured to less demanding procedures and specifications.”
This statement is not accurate. While the procedures and specifications are different, they are not necessarily “less
demanding”. In accordance with NRC [Nuclear Regulatory Commission] licensing requirements, these components
are designed to withstand seismic events, provide natural convection cooling, and otherwise meet rigorous
standards. This statement should be revised so as not to provide misleading information about the adequacy of the
design.
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Response
The statement has been revised in the Final EIS.

7.1.2 (13100)

Comment - 010227 /0018

There are many questions that arise from the DOE study of the drip shields, as with much of this project, you don’t
really get any answers to your questions, just more questions. One of these questions that were not addressed in the
SDEIS is where the drip shields would divert moisture? The images shown in the document show a slight railing
along the shields, which would seem to be a gutter of sorts, yet there is no description of where this moisture would
go -- possibly between the drift walls? Possibly back into fissures in the rock? It could potentially evaporate right
off the drip shields depending on how hot those would be (but that information isn’t in the SDEIS either); there is no
clear answer to how these would really work to protect the environment from the waste.

Response
Section 2.3.4.3 “Emplacement Pallets” of the Supplement to the Draft EIS has a very brief discussion on drip shields

with conceptual figures. For more details, see the Science and Engineering Report (DIRS 153849-DOE 2001).
Figure 2-71 in that section illustrates the “ballast” support of the drip shield. This ballast would be engineered
granular material that would absorb any dripping water. The runoff water would then be evaporated or trickle into
the rock invert and its matrix of pores and fractures.

7.1.2 (13101)

Comment - 010227 /0019

The SDEIS states that the drip shields would not be put into place until the repository closes -- what happens if that
is more than 300 years away? The drip shields are designed to protect waste packages from possibly corrosion. If
the waste packages are in place for 300 years before the drip shields are placed, that allows for 300 years of rainfall
to corrode these packages. If the higher-temperature scenario becomes a part of the final design then there will still
be 50 years before the drip shields go into place. According to the SDEIS 2.3.4.1 (p. 2-25) if the drip shields aren’t
in place water will drip onto the waste packages increasing the likelihood of corrosion. SDEIS does not adequately
describe a method for preventing that corrosion until the drip shields can be put into place.

Response
During the preclosure period the repository would be ventilated. In addition, the newly emplaced waste packages

would produce their highest heat output. During this period there would be no dripping from infiltrating water due
to the dewatering effect of the waste-generated heat and from ventilation. Under these conditions only corrosion
from humid air would take place. The purpose of the drip shields would be to prevent liquid water from dripping on
the waste packages. Prior to closure there would be no dripping and, therefore, no need for the drip shields.

7.1.2 (13218)

Comment - 010244 / 0017

The SDEIS does not consider the potential for the Yucca Mountain geologic formation to accommodate spent fuel in
amounts beyond that considered within the DEIS due to the closer spacing to be achieved through flexible design.
The SDEIS should provide a new estimate of the total potential spent fuel and other high level radioactive waste that
could be emplaced at Yucca Mountain.

Response
Under the NWPA, the repository is limited to 70,000 metric tons of heavy metal (MTHM) and the EIS evaluates the

flexible design scenarios that support 70,000 MTHM. Based upon public comments during EIS scoping hearings,
the EIS also evaluates the impacts of emplacing more than 70,000 MTHM in the repository (Inventory Modules 1
and 2) (see EIS Chapter 8 for a discussion of the inventories considered and the associated impacts). These
inventory projections have not changed since the Draft EIS was published, but the impacts have been updated in the
Final EIS to reflect the flexible design. The EIS does not contemplate inventories greater than those of Modules 1
and 2.
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7.1.2 (13224)

Comment - 010244 / 0023

The SDEIS does not address the fact that the Drip Shields will not be employed until repository closure leaving the
waste packages unprotected for up to 300 years under the lower temperature repository scenario.

Response
During the preclosure period the repository would be ventilated. During this time the waste packages are at their

highest heat output (under all operating modes). During this preclosure period there would be no dripping from
infiltrating water due to the de-watering effect of the heat output and the ventilation. Under these conditions only
humid air corrosion would take place. The drip shields’ only purpose is to prevent liquid water from dripping on the
waste packages so that corrosion is prevented. Prior to closure, there is no dripping and, therefore, no need for the
drip shields.

7.1.2 (13236)

Comment - 010244 / 0035

The repository would have two evaporation ponds for wastewater, one at each portal. In both ponds it is suggested
that heavy plastic liners would prevent water migration into the soil. The North Portal Area would also include a
32-acre storm water retention pond. Increases of roughly 10% for the S&ER design is projected due to additional
blow down and water for the 5,000 MTHM cooling pool. The supplement [provides] no proof that the plastic liners
would survive during the 300 years it would take to close the lower-temperature repository design, which could
possibly cause the release of radionuclides.

Response
Neither of the evaporation ponds would be needed or operated during the entire preclosure period. The evaporation

pond at the South Portal would be used for excess water returned to the surface during subsurface excavation. This
excavation would take place during the 5-year construction phase and for the first 22 years of the operation and
monitoring phase, which includes simultaneous development (emplacement- and access-drift construction) and
emplacement. That is, the South Portal evaporation pond would be used for a total of about 27 years. The
evaporation pond at the North Portal would be used only during that portion of the operation and monitoring phase
when waste was being emplaced in the repository and surface facilities were needed to support those actions. For
most operating scenarios, emplacement would completed in 24 years. The exception would be if a surface aging
facility were included; in such a case, it would be another 26 years before all of the waste was put into the
subsurface repository. Maintenance (including replacement, as appropriate) could be necessary to keep these liners
intact during their operational life, but they would not be expected to be in use during the caretaker and monitoring
period, which could be as long as 300 years under several of the lower-temperature operating modes.

7.1.2 (13272)

Comment - 010231 / 0006

Page 2-13, Figure 2-4. The “potential commercial spent nuclear fuel aging area” is inside the RCA but apparently
outside the security station. What security controls will there be for this area?

Response
To avoid compromise, details of physical security plans are typically not made available to the public. However,

DOE believes that security for the spent nuclear fuel surface aging facility would be similar to that required for
existing commercial Independent Spent Nuclear Storage Facilities currently licensed by the Nuclear Regulatory
Commission. At a minimum, security controls would include positive control on ingress and egress at the facility,
as well as periodic surveillance by security personnel. Detailed security requirements for all areas of the proposed
repository, including the fuel aging facility, would be included in the construction and operating license approved
and issued by the Nuclear Regulatory Commission.

7.1.2 (13274)

Comment - 010231 / 0008

Page 2-31, Section 2.4. The last two sentences of the fourth paragraph state: “The effect of drift spacing on these
related parameters would be less than the effect of waste package spacing in the analytical scenarios presented in
this Supplement. Therefore, DOE did not perform a quantitative evaluation of the environmental impacts of
variable drift spacing.” EPA questions the basis for this statement and conclusion. What about interactions? The
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distance between waste packages is an independent design factor from the distance between drifts. Therefore, there
is a range of potential conditions and impacts that could occur. These impacts should be assessed or a more detailed
rationale provided for the statements and conclusion.

Response
The Final EIS is based on the flexible design described in detail in the Science and Engineering Report (DIRS

153849-DOE 2001). Thermal management of the proposed repository would involve complex, nonlinear
relationships among many parameters of the repository system [see the Science and Engineering Report (DIRS
153849-DOE 2001) for further discussion]. The major determinants of the peak temperatures are the age of the fuel
at emplacement, the linear heat load along each drift, and the ventilation period after emplacement. By keeping the
drift spacing constant, the overall feasibility of the various repository operating modes can be evaluated. The
analysis presented in the Science and Engineering Report supports the environmental impact conclusions in the EIS.
The Science and Engineering Report recognizes that the thermal load or areal mass loading can be varied also by the
liner thermal load (which was done in the Science and Engineering Report), the drift spacing (which was not done in
the Science and Engineering Report), or both. By varying the fuel age, waste package spacing, and ventilation,
DOE has considered the major factors that would affect temperature variations in the repository. As noted in both
the Science and Engineering Report and the Supplement to the Draft EIS, future studies could include variations in
drift spacing. At present, DOE does not expect the conclusions drawn from the analysis in the Final EIS to change
substantially as a result of variations in drift spacing versus waste package spacing.

7.1.2 (13275)

Comment - 010231 / 0009

Page 2-31, Section 2.4. The first sentence of the final paragraph identifies “Uncertainties in future funding profiles
or the order of...waste shipments” could affect the construction of the repository. The next sentence states that this
approach could “potentially increase confidence in meeting the schedule for waste receipt and emplacement.” DOE
should explain how uncertainties in funding can result in increased confidence for meeting the schedule.

Response
As mentioned in Section 2.4 of the Supplement to the Draft EIS, uncertainties in future funding or the order of waste

shipments might require the repository to be developed in a sequential manner, such as constructing the surface and
subsurface facilities in portions or “modules.” This approach would incorporate “lessons learned” from initial work
into subsequent modules, reduce the initial construction costs and investment risk, and potentially increase
confidence in meeting the schedule for waste receipt and emplacement. The intent of this discussion was not to
imply that uncertain funding would increase confidence.

7.1.2 (13329)

Comment - 010317 / 0009

The DEIS-S mentions the use of back-fill material but [it’s] not clear what material will be chosen. The
recommendation of the Yucca Mountain site should not be made until firm decisions have been made about ... what
back-fill materials will go where.

Response
Section 2.3.6 of the Supplement to the Draft EIS discusses using excavated rock from the storage area or another

source. At present, the backfilling of emplacement drifts is not considered beneficial. Because only the ramps,
shafts, mains, and miscellaneous openings are designated for backfill, only processed mined rock (welded tuff) has
been selected for backfill material.

7.1.2 (13345)

Comment - 010296 / 0005

It is erroneous to assume that lowering operating temperature of the repository automatically eliminates corrosion
problems. Operating-temperature management of individual canisters will be required to reduce corrosion
problems.

Response
The management of waste package temperature to achieve thermal goals would be based on the established thermal

blending requirements. This comment is correct in stating that each package would have to be “managed” or loaded
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with a mixture of spent nuclear fuel that met the requirements. The performance of the repository system under a
lower-temperature operating mode is discussed in detail in Section 2.1.5 of the Science and Engineering Report
(DIRS 153849-DOE 2001). One tradeoff regarding thermal loads is the estimation of rockfall. At lower
temperatures, the overall amount of rockfall probably would be lower, but the localized amounts of rockfall could be
greater due to nonuniform temperatures along the drift. Another result of lower temperatures would be lower
corrosion susceptibility and reduced uncertainty. However, aqueous processes would be initiated sooner. Each of
the degradation mechanisms utilized to predict the performance of the waste package includes temperature as a
variable. Thus, the response of the waste package to a set of thermal conditions is built into the models.

Although a range of thermal loads was investigated for the repository, waste package performance as evaluated by
the expected maximum dose to the public would not vary greatly with thermal loading. See the F'Y 01 Supplemental
Science Performance Analyses (DIRS 155950-BSC 2001) for further detail.

7.1.2 (13387)

Comment - 010296 / 0020

As Nye County understands it, people (workers, operators) would drive the waste packages along a railroad from the
waste handling building down to the appropriate point in the main drifts. Then “the operators would leave” (back to
the surface?) and remote controls (operated at the surface?) would:

a) Open the door to the intended emplacement drift;

b) Use the locomotive to push the waste package and its pallet into the drift;

c¢) Close the door (maybe);

d) Remove (by gantry) the loaded waste package from the transporter and onto the metal ground support;
e) Pull the locomotive and transporter out of the emplacement drift, and close the door behind;

f) Then the workers return and drive the locomotive and transporter back to the surface.

The details of these operations must be disclosed in the FEIS (or its supporting documentation) in order to fully
evaluate the DOE’s assessment of risk.

Response
A technical report entitled Concept of Operations for Waste Transport, Emplacement, and Retrieval (DIRS 155732-

BSC 2001) was prepared in July 2001. One of the objectives of this technical report was to discuss the base case
concepts of waste transport, emplacement, and retrieval operations and evaluate these operations relative to a lower-
temperature repository design. Detailed discussions of all operations necessary to emplace the waste packages were
presented.

7.1.2 (13392)

Comment - 010296 / 0021

Further, Nye County notes that there is no explanation of how contingencies in remote handling would be met and at
what cost in time, money and risk. For example, what happens when:

e A chunk of rock gets lodged in the gantry equipment, or in the emplacement drift door?

e The locomotive dies during gantry operation;

e  The gantry sets the package one foot forward or backward, or one foot to the side of where it should be;

e The above contingency is not discovered until emplacement of a subsequent package.

e  Again, information regarding how contingencies in remote handling would be met must be included in the FEIS
or its supporting documentation.

Response
Accidents are addressed in Section 3.1.8 of the Supplement to the Draft EIS and Section 4.1.8 of the Draft and Final

EIS.
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The Supplement to the Draft EIS addresses proposed changes to the concepts contained in the Draft EIS. The waste
emplacement operations applied to the revised flexible operating mode are fundamentally the same as those
described in the Draft EIS (see Section 2.1.2.2.3 “Waste Package Emplacement Operations”).

These types of off-normal events will be addressed as final design of the gantry is developed. Also, refer to “Broad
Based Risk Analysis Subsurface Facilities” (DIRS 102707-CRWMS M&O 1998).

The isolation door control system will be equipped with redundant switches to indicate full open or closed position.
Should the door not operate properly, the conditions would be investigated and appropriate mitigation strategies will
be developed and initiated. Refer to “Emplacement Drift Isolation Door Control System” (DIRS 131504-CRWMS
M&O 1998).

The locomotive and gantry are totally separate pieces of equipment that operate independently of each other. One
failing will have no effect on the other.

Final Waste Package placement within the emplacement drift (waste package spacing) is a very important
parameter. This separation distance between waste packages will be verified by two or more remote measuring
technologies to ensure accurate package placement. Refer to “Gantry Structural/Control System Analysis”
(DIRS 154553-BSC 2001).

7.1.2 (13397)

Comment - 010296 / 0022

Figure 2.2 (p.2-5): This is an artist’s conception of the nuclear waste repository rather than a scientist’s perception.
The high temperature version of this figure (top) gives no indication where silica might precipitate relative to
emplacement drifts, nor where dissolution of minerals caused by condensing steam (in refluxing zones) might occur.
The precipitation of silica is important because it can control the flow of water (and gases) around and near the
emplacement drifts. Silica precipitation could form a “gap” over the drift deflecting water around it, or it could
precipitate between drifts causing flow into the drifts. If drifts are spaced too closely together, the silica caps could
merge with adjacent drifts; low spots between drifts could accumulate infiltrated water causing a perched zone.
Upon cooling, the blanket of silica precipitate could fracture and the perched water could then flow into the
repository. Depending on the velocity of this flow into drift(s), steam explosions are possible. Nye County finds
this overly simplistic “artist’s” conception of the repository to be inaccurate and misleading. The FEIS should
identify all the natural processes that might occur within the repository and explain the potential consequences of
these processes on repository performance.

Response
As indicated by Figure 2-2 of the Supplement to the Draft EIS, during the period of high heat output from the waste

packages, expected water flow conditions for the higher- and lower-temperature repository operating modes would
be dominated by the thermal effects of the waste packages. After the waste packages cooled, more complex
thermal-hydrological-chemical interactions would affect the water in the drifts. This comment is correct to point out
that those interactions are complex. Figure 2-2 is based on Figures 2-71 and 4-38 from the Science and Engineering
Report (DIRS 153849-DOE 2001), which show the expected waste package emplacement and drift scale thermal-
hydrologic flow and transport processes, respectively.

The overall long-term performance of the higher- and lower-temperature repository operating modes is described in
Chapter 5 of the EIS. Long-term performance results include simulations of thermal-hydraulic-chemical processes
in the Total System Performance model, which include coupling between heat, water, and vapor flow; aqueous and
gaseous species transport; kinetic and equilibrium mineral-water reactions; and feedback of mineral precipitation or
dissolution on porosity, permeability, and capillary pressure (hydrologic properties) for a dual-permeability
(fracture-matrix) system (DIRS 155950-BSC 2001).

7.1.2 (13398)

Comment - 010296 / 0023

As stated in the DSEIS [Supplement to the Draft EIS], the drip shield provides an independent corrosion resistant
barrier. Independent barriers provide confidence against unforeseen processes and failure modes that cannot be
included in PA [performance assessment] calculations. However, the quantitative performance improvement
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provided by the drip shields is unclear. Because the bottom is not sealed, moisture can theoretically enter below the
drip shields. Under some sets of conditions, this can lead to condensation forming on the inside of the drip shield.
The drip shields would reduce, but not clearly eliminate, dripping on the waste package and waste. The waste
package would still be exposed to deposits of dirt and salt prior to closure. This would allow corrosion of the
Alloy-22 to begin prior to the failure of the drip shields.

Response
The current modeling of waste package degradation includes the processes cited in this comment. These are

expected processes that are accounted for in the modeling of package degradation. Corrosion would proceed prior
to failure of drip shields, but would be greatly retarded by their presence. Thus, while the drip shields would not be
an absolute containment, like the waste package, they would provide protection for the waste package containment
by greatly reducing corrosion processes and protecting packages from rockfalls as drifts deteriorated. DOE has
taken a conservative approach to assessing drip shield and waste package performance. The analysis assumed that
dripping water contacting the drip shields or waste packages would be concentrated in its contained salts due to
evaporation and condensation processes or by the presence of deliquescent salts brought in by the ventilation
system. Two types of water were evaluated (DIRS 153849-DOE 2001). These include J-13 well water, a
bicarbonate water, and rock pore water, a chloride-sulfate water. Once a water film was present, the degradation
model was activated for the outer surfaces of the drip shield and the waste package. Water that condensed on the
underside of the drip shield was assumed to be relatively pure. Such condensation on the drip shield would be
possible but it was not observed in pilot-scale testing at thermal conditions similar to those of the repository. See
Section 4.2.5.1 of the Science and Engineering Report (DIRS 153849-DOE 2001).

Sensitivity analyses were performed for each of the barriers [see Section 4.5.3 of the Science and Engineering
Report (DIRS 153849-DOE 2001)]. The drip shield would provide some defense-in-depth for the case of a
degraded waste package. Mean dose rates would increase by about a factor of 10; however, mean dose rates at the
10,000-year regulatory period would still be low.

7.1.2 (13399)

Comment - 010296 / 0024

Alloy-22 “feet” are to go on the drip shields purportedly to prevent galvanic coupling with the underlying steel
members. While this may reduce the potential for galvanic coupling and hydrogen accumulation, it will not prevent
it.

Response
DOE agrees that the use of Alloy-22 feet on the drip shield would not entirely eliminate galvanic coupling. This

could accelerate the generation of insoluble ferric oxides or oxyhydroxides. However, Alloy-22 and Titanium Grade
7 have very similar corrosion potentials in repository-relevant solutions (compare DIRS 144971-CRWMS M&O
2000, Table 4, to DIRS 144229-CRWMS M&O 2000, Table 4). Therefore, galvanic coupling between Alloy-22
and Titanium Grade 7 would be of little consequence to degradation characteristics.

Hydrogen can evolve when passive alloys such as titanium are galvanically coupled to more active metals such as
carbon steel. A consequence of hydrogen evolution could be hydrogen induced-cracking of repository materials. In
the current repository design (including features such as the Alloy-22 feet), the titanium drip shield would not be in
contact with any more active metals intentionally. Hydrogen embrittlement of alloys such as the Titanium Grade 7
drip shield occur when three general conditions occur simultaneously:

e A mechanism for generating hydrogen on a titanium surface
e Metal temperature above approximately 80°C (175°F)
o Solution pH less than 3 or greater than 12, or impressed potentials more negative than -0.7 V (SCE)

In the current repository design a mechanism for generating hydrogen could occur through galvanic coupling
between the titanium drip shield and steel structural components (rockbolts, etc.) that could fall on the drip shield.
In addition, conditions two and three would be met at certain repository locations where temperatures were high
[80°C (175°F)] and concentrated groundwater was present. If all three conditions were present at the same time,
local hydrided “hot spots” could form.
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Despite the potential for local hydrided hot spots, significant hydrogen embrittlement of Titanium Grade 7 would be
unlikely. The drip shield would have a large “tolerance” for hydrogen; that is, substantial concentrations would
have to be achieved before any degradation in fracture toughness was observed. The critical hydrogen concentration
level has been suggested to be at least 400 micrograms per gram and is likely to be well in excess of 1000
micrograms per gram (DIRS 154666-CRWMS M&O 2000). The estimated hydrogen concentration in the drip
shield from passive corrosion 10,000 years after emplacement would be about 257 microgram per gram from a
conservative estimate and 58 micrograms per gram from a best estimate (DIRS 151599-CRWMS M&O 2000). This
would be well below the threshold concentration, and would not result in any noticeable hydrogen embrittlement or
degradation of fracture toughness.

7.1.2 (13400)

Comment - 010296 / 0025

Alloy-22 should increase the time to first penetration of the waste package in comparison with the Draft EIS design.
It is unclear whether DOE has sufficient data or theoretical models to justify taking performance credit for the
material.

Response
The commenter is referred to Section 4.2.4 of the Science and Engineering Report (DIRS 153849-DOE 2001),

Section 7 of the FY 01 Supplemental Science and Performance Analyses (DIRS 155950- and 154659-BSC 2001)
and several other supporting documents referenced in the EIS for extensive detail concerning data and models used
to forecast the behavior of Alloy-22. In particular, Section 7 of the Supplemental Science and Performance
Analyses examines the uncertainties in extensive detail. Sensitivity analyses provide estimates of the importance of
this uncertainty to the overall performance forecast. The information supports considerable confidence that while
the range of possible behavior is great, use of this material supports a range of outcomes in performance in which all
values lie well below accepted performance standards.

7.1.2 (13401)

Comment - 010296 / 0026

Placement of the drip shields is scheduled far in the future (at time of closure). Given the proclivity of Congress to
play games with federal programs, what confidence can one have that the shields will ever be placed? Corrosion of
the drip shields occurs in parallel with Alloy-22, rather than in series. Why not affix the titanium so that it is present
from the start, corrodes in series with the waste package, and protects the waste package from initial dirt and salt
deposits?

Response
During the preclosure period, the repository would be ventilated. Also, the newly emplaced waste packages would

be at their highest heat output. During this preclosure period, there would be no dripping from infiltrating water
because of the dewatering effect of the heat output and repository ventilation. The air would be low in relative
humidity, assisted through the use of active ventilation. The drip shields’ only purpose at that point would be to
prevent liquid water from dripping on the waste packages, thus preventing liquid-water corrosion effects. Before
closure, there would be no dripping. During the preclosure period, the corrosion of the waste packages is very low;
they withstand rockfall without failure. (See Section 4.2.3.2.5 of the Science and Engineering Report for further
information.) Therefore, installing the drip shields early would have no technical benefit and would result in an
early, but unnecessary, expenditure. The drip shields would provide defense-in-depth during the postclosure period.

7.1.2 (13402)

Comment - 010296 / 0027

As discussed in Section 2.3.4, Engineered Barrier Design, the switch from Alloy-22 inside to the outside of the
canister, with stainless steel inside for structural support was justified by its greater performance. Once the outer
shell of Alloy-22 is breached, the rusting of the inner stainless steel shell with accompanying volume increase of
iron oxides will quickly destroy the remainder of the outer shell by deformation and cracking. Since at least

90 percent of the performance of the repository is based on the canister, and ongoing experiments on canister
materials are not completed (specifically, the effects of trace elements such as lead), it seems premature to justify
changes of this sort on performance assessment.
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Response
The analysis took no credit for the stainless-steel sleeve, which it considered only as a structural reinforcement prior

to a breach of the Alloy-22. Until the Alloy-22 was breached, the interface would be unwetted and not exposed to
oxygen. Therefore, any damage to the passive layer would be of no consequence. After the Alloy-22 was breached,
corrosion would proceed from the inside and such things as the presence of iron oxides would be accounted for.

The Final EIS contains a new analysis of non-nuclear toxic materials based on the new design of the repository and
waste packages. The analyses show that even under very conservative and bounding assumptions, toxic materials
would have no significant impacts during the compliance period. Further details are in Sections 1.6 and 5.6 of the
EIS. The purpose of the current research is to support a possible decision to construct and operate the repository
with postclosure forecasts only for making a reasonably informed decision that a postclosure mode would be
feasible. The operation of the repository would include contingency planning for continued performance
monitoring, which could extend for up to 300 years after emplacement. During this period, research would
continue, including tests of the materials of construction and refinement of forecasting techniques. DOE believes
that by the time of closure there would be sufficient knowledge of canister integrity and other pertinent items to
support the case for safe closure or some alternative action. However, DOE also believes that current research on
these materials is sufficient to provide a level of confidence and understanding to inform a site recommendation
decision. See Section 4.2.4.3 of the Science and Engineering Report (DIRS 153849-DOE 2001) for more
information.

7.1.2 (13403)

Comment - 010296 / 0028

The DOE has not identified any potential problems with respect to engineered barrier materials. Specifically, Nye
County is referring to the potential effects of trace elements on the canister material alloy, ALLOY-22. Tests being
conducted by DOE are beginning with low temperature conditions (70°C) and working up to higher temperature
conditions. Given that temperature increases reaction rates exponentially as temperature increases, DOE will not see
any significant effect of trace elements until and unless they experiments are performed at sufficiently high
temperatures (120°C and above). A better approach would be to look for an effect at high temperatures and work
down to see at what temperature the effect is not observable. The FEIS should address the potential effects of trace
elements on barrier material performance in the presence of high temperature conditions. Given that the first
canister failures are currently projected to occur just after the 10,000-year regulatory period, the potential
complications that might result from the presence of trace elements in the canister material under high temperature
conditions should be addressed in the FEIS.

Response
The purpose of the current research is to support a suitability decision for the Yucca Mountain site, with postclosure

forecasts only for making a reasonably informed decision regarding long-term performance and regulatory
compliance. As required by 10 CFR Part 63, the operation of the repository would include performance
confirmation activities that would continue until repository closure. During this period, research would continue,
including tests of the materials of construction and refinement of forecasting techniques.

Dripping water could contact the waste packages after the repository radionuclides decayed. The water could
become concentrated in dissolved salts due to evaporation of the water film, as on the waste package surface. The
chemistry of the water is described in the Science and Engineering Report (DIRS 153849-DOE 2001, Section
4.2.4.2.4). Two types of water were identified: J-13 well bicarbonate water that becomes alkaline near saturation
and a pore-type chloride-sulfate water that remains near neutral near saturation. Long-term corrosion tests and
short-term electrochemical potential tests have been conducted with the J-13 well water. In the latter tests, predicted
concentrations of trace elements were added. No significant differences in corrosion rate were observed in these
tests. Testing with the pore water is planned.

DOE believes that by the time of closure there would be sufficient knowledge of canister integrity and all other
pertinent items to fully support the case for safe closure or for some alternative action. However, DOE also believes
that the current research on these materials is sufficient to provide a level of confidence and understanding to
adequately inform the site recommendation decision.
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7.1.2 (13404)

Comment - 010296 / 0029

Rock bolts, as identified in Section 2.3.4.2, Ground Structures, may focus water flow onto the drip shields, and
ultimately the canisters, as a result of their radial style of emplacement. What is the effect of grout on the chemistry
of any dripping water? What is its trace element content? The FEIS must address these questions or indicate that
DOE is uncertain of how these factors might affect performance.

Response
The in-drift environments are defined based on many processes including interaction of seepage water with rock

bolts and grout material. The modeling of in-drift environments is discussed in the EIS in Section 1.2.3, and in
various referenced supporting documents. The ground control system is described in the Science and Engineering
Report, Section 2.3.4. The system includes steel sets with welded-wire fabric and fully grouted rock bolts. This
system would degrade with time. The steel would form oxides or oxyhydroxides, which would not be deleterious to
the drip shield or waste package, while the grout would slightly modify the water dripping through it. However, the
testing of drip-shield and waste-package material has included a broad range of water chemistries, including
concrete modified water. Water chemistries are described in Section 4.2.4.2 of the Science and Engineering Report.
Essentially no differences were seen in the rates of corrosion for any of the water chemistries evaluated.

7.1.2 (13448)

Comment - 010296 / 0033

With respect to Cask Maintenance (page 2-13), the DSEIS states that “the DEIS assumed that there would be a
CMF...at the YM site.” In nearly two years, DOE hasn’t located such a facility. Its function, Nye County assumes,
is to clean and repair DOE-owned casks as delivered by private carriers. Such a facility would likely generate
additional volumes of hazardous wastes (spent solvents, metal cuttings, etc.). It not clear whether the impacts from
the CMF have been included in either the DEIS or the DSEIS.

Response
To transport spent nuclear fuel and high-level radioactive waste to the repository, DOE would use existing or new

shipping casks that met Nuclear Regulatory Commission regulations (10 CFR Part 71). One or more qualified
companies that provide specialized metal structures, tanks, and other heavy equipment would manufacture new
shipping casks. The number and type of shipping casks required would depend on the predominant mode of
transportation.

DOE would remove casks from service periodically for maintenance and inspection. These activities would occur at
a cask maintenance facility(s) where cask functions and components would be checked and inspected in compliance
with Nuclear Regulatory Commission requirements and preventive maintenance procedures. The major operations
involved in cask maintenance would include decontamination, replacement of limited-life components such as
O-rings, and verification of radiation shielding integrity, structural integrity, and heat transfer efficiency.

The large number of repository shipments would require new facilities for cask maintenance. DOE has not decided
where in the United States it would locate a cask maintenance facility(s), but this EIS assumes that such a facility
would be at the repository inside the Restricted Area at the North Portal on approximately 0.01 square kilometer
(2.5 acres). Minor cask maintenance activities could occur at commercial or DOE sites.

7.1.2.1 Higher- and Lower-Temperature Operating Modes

7.1.2.1 (13086)

Comment - 010227 / 0004

In the higher temperature scenarios which were described in the SDEIS, drifts would be 81 meters apart, this is so
that water moving through fast pathways would not pool above all of the drifts, and would instead find its way
through the spaces between the drifts. The SDEIS seems to be telling people that there is no way to keep water from
moving close to the waste packages (even with the fancy titanium drip shields) and that there are indeed fast
pathways which can move water more quickly to the water table.
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Response
The existence of fast pathways and the possible contact of water with the waste packages are all considered in the

long-term performance models. The drip shields would keep dripping water from the waste packages for more than
10,000 years, which would greatly improve long-term performance. All of the concerns expressed in this comment
are accounted for in the models used.

7.1.2.1 (13138)
Comment - 010237 / 0007
The S&ER flexible design allows for a degree of operator error if the wrong operating mode is selected.

Response
For the analyses performed for the Supplement to the Draft EIS, DOE developed analytical scenarios to estimate the

range of potential environmental impacts that could result from the Proposed Action. These analytical scenarios
include the low, intermediate, and high thermal load scenarios presented in the Draft EIS, as well as the higher-
temperature and lower-temperature repository operating modes of the Reference Design. Section 2.2.1 of the
Supplement summarizes the operational parameters for the three thermal load scenarios analyzed in the Draft EIS
and the two repository operating modes analyzed in the Supplement. Section 2.2.2.2 describes the operational
parameters for the higher- and lower-temperature repository operating modes. DOE developed these scenarios and
operating modes to accommodate and maintain flexibility for the potential future evolution of the design of the
repository. So as not to underestimate the impacts that could result from future design evolution, these scenarios
and operating modes incorporate conservative assumptions. Sections 2.2.1 and 2.2.2 of the Supplement discuss the
design and operational evolution, respectively, which was carried forward to the Final EIS.

7.1.2.2 Ventilation

7.1.2.2 (12717)

Comment - 010073 / 0021

Page 2-21 - The SDEIS estimates that as much as 145 times as much air will be moved through the S&ER flexible
design. Why is the risk associated with ventilation related exposure pathways not 145 times greater? There appears
to be an inconsistency in the analyses.

Response
Although a greater amount of air would be moved through the repository with the increased ventilation for some

flexible design operating modes, the source of pollutants does not increase proportionally. The source remains
approximately the same, slightly larger, between the low ventilation rate (0.1 cubic meter per second) and the higher
ventilation rate [15 cubic meters per second (32,000 cubic feet per minute)]. As a result, the risk only increases a
small amount.

7.1.2.2 (12935)

Comment - 010257 / 0001

The idea that ventilation shafts and fans can be operated and maintained for hundreds of years implies long-term
social and political stability that has never been demonstrated before.

Response
DOE recognizes that an underlying assumption of the extended emplacement period is that institutional controls

would have to be maintained for at least 300 years into the future and that these controls could only be administered
by a government that possessed the resources and the desire to do so. The Department also recognizes that if a
political upheaval, such as the one that recently occurred in the former Soviet Union, was to occur in the United
States, the government could have difficulty protecting and maintaining the storage facilities. However, the
analyses in the EIS have followed the general guidance for the prediction of the evolution of society provided by the
National Research Council in Technical Bases for Yucca Mountain Standards (DIRS 100018-National Research
Council 1995), in which the Committee on Technical Bases for Yucca Mountain Standards concluded that there is
no scientific basis for predicting future human behavior. The study recommends policy decisions that specify the
use of default (or reference) scenarios to incorporate future human behaviors into compliance assessment
calculations. The analyses in the EIS followed this approach, based on societal conditions, as they exist today. In
doing so, the analysis assumed that ventilation and other repository systems could operate for very long periods with
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regular maintenance. The Department believes that these assumptions are appropriate when estimating impacts
because of the inherent inability to accurately predict the future of social behavior.

7.1.2.2 (13097)

Comment - 010227 /0015

The SDEIS indicates a huge increase in the need for ventilation, and increases the proposed number of ventilation
shafts -- how will more shafts impact the drip shields? How will they impact the structural integrity of the overall
repository design? These are issues that were not adequately addressed in the SDEIS.

Response
All ventilation shafts are located in access drifts separated from emplacement drifts by solid rock 20 meters (66 feet)

or more in thickness. In addition, the drip shields would not be emplaced until the repository is ready for and been
approved for closure. Therefore, there would be no relationship between shafts and drip shields. In addition,
ventilation shafts are spaced 300 meters (980 feet) or more apart. Therefore, weakening of the overall integrity of
the repository would be highly unlikely.

Supporting documents to the EIS such as the Monitored Geologic Repository Project Description Document (DIRS
151853-CRWMS M&O 2000), and other referenced supporting documents discuss such issues as shaft seal design.
It has been established that the current technology for shaft sealing will provide for sufficient integrity of these
sealed openings that they will behave as well as the host rock in long-term performance. The EIS relies on all of
these supporting documents, including the Science and Engineering Report, to provide discussions of such
supporting details.

7.1.2.2 (13219)
Comment - 010244 /0018
The SDEIS should consider the extent to which increased ventilation results in an enhanced exposure pathway.

Response
Increased ventilation was considered in Section 3.1.2 of the Supplement to the Draft EIS. The Final EIS addresses

the environmental impacts due to increased ventilation [15 cubic meters per second (32,00 cubic feet per minute)] in
greater detail in Section 4.1.2.3 of the EIS.

7.1.2.2 (13234)

Comment - 010244 / 0033

DOE claims that it can reduce the maximum temperature in the host rock by extending the drift ventilation period
with either active of passive ventilation. This process alone could require ventilation periods as long as 300 years
after emplacement to ensure post closure temperatures. The Supplement provided no substantiated proof that such a
system would last 300 years.

Response
Ventilation systems can be maintained for very long periods as demonstrated by deep mining operations and

underground traffic tunnels. The proposed flexible design would include the maintenance, operational, and
equipment-replacement features needed to continue operations for the period of operation needed.

7.1.2.2 (13260)

Comment - 010274 / 0002

If the drift rock is maintained at 205° [Fahrenheit]; and the ventilation fans are removing 70% of the heat; it means
that the high level nuclear material is sustaining 30% more heat in the containers; with the ventilation system in full
operation; which means that each container is generating 266.5° [Fahrenheit].

Any high school student can tell you that water boils at 212° [Fahrenheit].

So, if the ventilation system or another coolant system fails to operate; that means the containers can add an
additional temperature of 70% to 266.5° [Fahrenheit]; comes to 1,865.5° [Fahrenheit].
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So, if all the coolant and ventilation systems fail, a chain reaction will develop and each of the 11,000 to 17,000
containers can melt-down and explode.

Response
If the ventilation systems were not operating, the drift wall and waste package temperatures would increase. This

event is discussed in the Yucca Mountain Science and Engineering Report, which discusses the impact of a
ventilation shutdown for the lower-temperature repository operating mode (DIRS 153849-DOE 2001). It would
take 2 to 3 weeks for the maximum drift wall temperature [96°C (205°F)] to be exceeded. However, even assuming
no ventilation for 15 years, the peak temperature of the waste package is analyzed in the Science and Engineering
Report to be less than 460°C (896°F). Because the waste package has been analyzed to not fail prior to 600°C
(1,112°F), waste packages would not release gases or material due to fans failing for at least 15 years, thus providing
ample time to repair the ventilation system or retrieve the waste packages.

7.1.2.2 (13263)

Comment - 010274 / 0004

There are no oceans, lakes, rivers, or any other above ground means to provide coolant to the Yucca Mountain area.
The major source is underground drinking water. That in itself should disqualify this site.

I was always of the opinion that the high level nuclear material inside the containers, will have to be vented (open
the containers in order to release the (buildup) pressure; in order to keep them from exploding.

Response
The treatment of water from the fuel pools is discussed in Section 2.2.4.3.1 of the Science and Engineering Report

(DIRS 153849-DOE 2001). As discussed in that section, liquid low-level radioactive waste would be treated,
recycled, or stabilized for offsite disposal.

The design of the repository includes a cooling tower adjacent to the utility building to support heat rejection from
the utility building systems, such as the building chillers. Water from the cooling tower, among other industrial
streams such as water collected from dust control operations, would be collected in one of two evaporation ponds.
The ponds would evaporate excess water from dust-control operations at the South Portal and wastewater from
water treatment and cooling systems at North Portal surface facilities. Water from these industrial streams would
not contain any radioactive or hazardous materials.

The design of the repository is still evolving. DOE would ensure that the industrial wastewater-evaporation system
met all applicable design requirements (including development of adequate maintenance and inspection programs)
and received necessary peer reviews. In addition, the Nuclear Regulatory Commission would review the design
before licensing the repository.

Based on requirements for shipping casks and waste packages, no water would be permitted inside the containers.
Thus, generation and buildup of hydrogen from radiolytic decomposition of water would not occur. In addition, the
greatly reduced radiation fields from fuel that must be cooled 5 years prior to shipment would limit the generation of
hydrogen even if water was present. The radiolytic gases produced from decay of the waste would be a small
fraction of the total pressure of the system. This decay would not generate significant radiation damage to the waste
packages. Even in the event of a ventilation system failure, the peak temperature of the waste packages would only
rise to something less than 460°C (820°F). Because the waste package has been analyzed to not fail prior to 600°C
(1,112°F), the waste packages would not have the potential to release gases or material due to fans failing for at least
15 years, thus providing ample time to repair the ventilation system or retrieve the waste packages. Thus, once
emplaced, the waste packages would need to be vented to reduce internal pressures.

7.1.2.2 (13273)

Comment - 010231 / 0007

Page 2-21, Section 2.3.3.2. The second paragraph states that “this low ventilation rate [0.] cubic meter per second]
would permit monitoring of the air stream exhausting from the drifts for leaks of radioactive material, but would not
contribute significantly to removal of heat from the emplacement drifts.” This is followed by a discussion of the
higher ventilation rate [15 cubic meters per second (32,000 cubic feet per minute)] under the new flexible design,
but there is no mention of monitoring. Does this mean that the flexible design does not allow for monitoring of the
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exhaust air? If so, this raises public health and on-site safety concerns. The final design must include effective
monitoring and a system to divert the air into high-efficiency filtering systems in case releases are detected.

Response
The flexible design does include monitoring of the exhaust air and the ability to filter the exhaust stream if

radioactive contamination was detected. The design would comply with applicable health and safety requirements.

7.1.2.2 (13344)

Comment - 010296 / 0004

The footprint of the underground facility will need to be expanded considerably from 4.7 for HTOM to 10.1 for
LTOM (Table S-1 of SEIS). Although these area requirements are less than those of the DEIS cases, Nye County
believes that managing and designing a better ventilation system could reduce the area requirements substantially.
Larger area of the footprint means more excavation, material used, and energy consumed. Therefore, increased
repository size equals increased environmental impacts. Although Nye County believes that lower-temperature
operating modes would enhance the long-term safety of the repository, the increased size and its environmental
impacts in the short term are of significant concern.

Response
The commenter is correct in pointing out the trade off of repository size versus ventilation needs to achieve LTOM.

If the Yucca Mountain site is recommended, these tradeoffs and others will be considered in detail to select the
flexible design operating modes for the license application.

7.1.2.2 (13348)

Comment - 010296 / 0008

DOE needs to evaluate other design configurations where natural ventilation can be used. Nye County believes that
with the heat of the nuclear waste and modification of the design, most of the ventilation can be provided by natural
ventilation. Only a few areas of underground facility may need to have supplemental forced ventilation as needed
for workers and operational safety reasons.

Response
The amount of air that will flow in the repository due to natural ventilation depends on the difference in elevation

between the intake and exhaust openings, the resistance of the subsurface excavations to airflow and the difference
in temperature between the atmosphere and the subsurface repository. The difference in temperature between
atmosphere and the subsurface repository depends on the operating mode. A higher-temperature repository would
result in the greatest temperature differential and would produce a more reliable, higher natural airflow. A lower-
temperature repository design would produce less temperature differential and a less reliable, lower natural airflow.
Because the use of preclosure ventilation is a means toward meeting thermal goals, the choice of a hot or cooler
mode of operation will influence the amount of natural airflow that will occur. The resistance of the excavation to
airflow is low because the excavations are large in diameter. There are no designed restrictions in the system that
would preclude natural ventilation.

DOE recognizes that postemplacement natural ventilation could be used to reduce long-term repository temperatures
as discussed in Section 2.1.4 of the Science and Engineering Report (DIRS 153859-DOE 2001). As a consequence,
natural ventilation has been proposed in several lower-temperature operating scenarios for the repository. By
extending the time during which loaded emplacement drifts are ventilated (both forced and naturally), the repository
could be operated at lower temperatures with minimal increases in the disposal area. The latest repository design
including the concept of natural ventilation has the flexibility to accommodate and take advantage of new
information that might improve performance or reduce long-term uncertainties.

The design of the repository ventilation system is still evolving and the concept of natural ventilation is a design
detail that may be further developed for license application. The DOE will design the ventilation system in
accordance with all requirements and peer reviews will be performed as necessary. In addition, the Nuclear
Regulatory Commission will review the final design before licensing the repository and ensure the design meets all
requirements.
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7.1.2.2 (13352)

Comment - 010296 / 0011

Overall ventilation will tend to dry out the repository horizon. However one can postulate several scenarios leading
to condensate formation in the ventilation shafts. Transient condensate could theoretically enter fractures prior to
drying out. Example 1: The initial thermal pulse would increase the partial pressure of water vapor in the
circulating air. As the air rises it contacts cooler rock and expands as pressure drops in the shaft. Both processes
cool the air, potentially leading to condensate formation. Example 2: During a summer thunderstorm the ambient
relative humidity rises. Humid air is pulled into the ventilation system and contacts cooler rock, leading to
condensation. Because the fans are located at the shaft exits (negative pressure system) the air expands as it enters
the ventilation system, leading to additional cooling. Note that since preclosure ventilation is stated to be under
positive pressure, which lowers the likelihood of condensation, current experience may not be a reliable guide to
future performance. Has the potential for condensate formation in the ventilation system been fully evaluated?

Response
The potential for condensation formation is considered in the ventilation system. The design for the repository

intake and exhaust shafts includes a collection sump at each shaft bottom. The sump provides a collection area for
water entering the Subsurface Facility (including any potential shaft condensation) to collect for subsequent
pumping to the surface.

Even though a thunderstorm may increase the ambient relative humidity, it will remain below 100 percent, a level
necessary to begin condensation at a given temperature (dew point). The Subsurface Facility natural wall rock
temperature exceeds the average dew point temperatures for Southern Nevada, therefore, wall rock condensation
would not likely occur.

7.1.2.2 (13355)

Comment - 010296 / 0012

On page 3-4 it is stated that, “The use of natural ventilation rather than forced-air ventilation for some portion of the
preclosure period would result in less than half of the radon released to the offsite public for that portion of the
period.” This is the main reason that DOE needs to continue to strongly evaluate the potential of a naturally
ventilated repository.

Response
DOE recognizes that postemplacement natural ventilation could be used to reduce long-term repository temperatures

as discussed in the Science and Engineering Report (DIRS 153849-DOE 2001). As a consequence, natural
ventilation has been proposed for some lower-temperature operating mode scenarios. By extending the time during
which loaded emplacement drifts were ventilated (both forced-air and naturally), the repository could be operated at
lower temperatures with minimal increases in the disposal area. The latest repository design, including the concept
of natural ventilation, has the flexibility to accommodate and take advantage of new information that could improve
performance or reduce long-term uncertainties.

The design of the repository ventilation system is still evolving, and the concept of natural ventilation is a design
detail that could be developed further for license application. DOE will design the ventilation system in accordance
with all requirements, and peer reviews will be performed as necessary. In addition, the Nuclear Regulatory
Commission will review the final design before licensing the repository and will ensure that the design meets all
requirements.

7.1.2.3 Spent Nuclear Fuel Aging

7.1.2.3 (13134)
Comment - 010237 / 0003
Surface aging will increase the release of radiation to the environment and should not be used.

Response
Onsite aging would increase direct radiation exposures slightly at the repository; these exposures have been included

in the Final EIS (see Table 4-25). However, because of the lower population density (public) and the larger distance
between the surface aging facility and workers (both involved and noninvolved), the net collective dose from the
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surface aging facility at the proposed repository over the 50-year aging period would be less than leaving the spent
nuclear fuel at the generator sites for the same period (see Chapter 7, Table 7-6).

7.1.2.4 Waste Package Spacing

7.1.2.4 (13099)

Comment - 010227 /0017

Where to put the waste packages -- this seems to be a question plaguing not only DOE, but most of the nuclear
power industry as well. The SDEIS looks at a number of options for how to space the waste packages to keep
temperatures within range, yet there is no mention of how those either closely spaced or widely spaced packages
might create more of a hazard. There was no mention in the SDEIS of how waste package spacing could be
impacted by accidental bombings from Nellis bombing range (the air force has a history like DOE -- and doesn’t
always get exactly what it’s aiming for), or terrorist activity.

Response
Waste package spacing would be unrelated to the repository hazard as long as drift temperatures were controlled

within acceptable limits. Accidental bombings from Nellis Air Force Base operations would not impact the waste
packages because of the approximately 1,000-foot-thick rock overburden.

7.1.3 WASTE PACKAGE DESIGN

7.1.3 (717)

Comment - EIS000211 /0002

The DEIS fails to address the fact that the number of shipments and the amount of radioactive material that will be
shipped is unprecedented in world history. About 90% of the volume would be spent fuel from nuclear power
plants, and virtually none of this type of material has ever been shipped before. Not only is it not known what type
of container would be used to transport nuclear waste, but also these containers have been neither constructed nor
tested -- therefore, the impact statement is incomplete.

Response
DOE does not agree that shipping large quantities of radioactive material is unprecedented. More than 2,700

shipments of spent nuclear fuel have been transported over about 2.6 million kilometers (1.6 million miles) of U.S.
highways and railways without a breach of a shipping cask.

The Nuclear Regulatory Commission requires that the design of transportation casks for spent nuclear fuel and high-
level radioactive waste meet very stringent standards (10 CFR Part 71). Casks must be able to survive, among other
things, a drop of 9 meters (30 feet) onto an unyielding surface. See Section M.4 of the EIS for additional
information on cask testing. Post-test analyses have found that, had the casks been filled with waste, they would not
have released their contents. Many of the cask tests greatly exceed the test requirements of the Nuclear Regulatory
Commission.

7.1.3 (3609)

Comment - EIS001031 /0015

Do any fool-proof fuel containers exist for the storage, shipment or the permanent disposal of the wastes? Have
these containers had full-scale tests? If radioactive gas leaks out, wouldn’t it go around the world?

Response
Containers for the storage and transportation of spent nuclear fuel are in use in the United States and many other

countries. Storage systems, regulated by the Nuclear Regulatory Commission (10 CFR Part 72), have been in use
for about 10 years. Several commercial utilities have placed spent nuclear fuel in such systems. Transportation
casks, also regulated by the Nuclear Regulatory Commission (10 CFR Part 71), have been used in more than
2,700 shipments of spent nuclear fuel. The Nuclear Regulatory Commission has certified a number of tests on
casks. See Section M.4 of the EIS for additional information on cask testing.

DOE is designing containers for the permanent disposal of spent nuclear fuel, which the EIS refers to as waste
packages. Samples of candidate metals for waste packages are undergoing laboratory tests. Full-diameter,
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one-third-length mockups of different waste packages have been built to demonstrate techniques for welding lids to
packages. Full-scale prototype testing of waste packages could also be necessary.

To DOE’s knowledge, there has been no leakage from the storage casks and transportation casks currently in use. If
a cask’s seal was breached, virtually all of the radioactive material (with the exception of noble gases) would remain
in the cask. In theory, when noble gases are released to the atmosphere, they remain there indefinitely because of
their nonreactive nature. However, the small quantities of these gases that could be released from failed or damaged
waste packages would be quickly diluted in the atmosphere to concentrations well below those likely to result in
adverse human health impacts.

7.1.3 (4209)

Comment - EIS001160 / 0023

The DEIS does not adequately address issues raised and substantiated by White Pine County during the scoping
process. For example:

The repository EIS must include a comparative evaluation of the extent to which alternatives for accomplishing
construction, emplacement, closure, and post-closure phases of the facility achieve containment of radioisotopes
during volcanic eruption, earthquakes, and loss of criticality control. The comparative evaluation of alternatives for
repository design, construction and operation should consider the full spectrum of uncertainty attendant to such
options. In this way, the EIS should facilitate decision-making under conditions of uncertainty. The DEIS does not
provide a comparative analysis in a useful summary form of the extent to which construction design and operational
alternatives provide containment of radioisotopes from the accessible environment. It is not easy to conclude from
the information in the document which design and operational alternative is preferred.

Beyond construction of the repository, alternative methods for conducting waste emplacement operations should be
considered. Critical issues include candidate materials from which waste packages might be fabricated and
alternative materials for fabrication of waste package baskets. The DEIS does not appear to consider technology
alternatives or material choice in construction of waste packages.

Response
The EIS examines the impacts of the Proposed Action (to construct, operate and monitor, and eventually close a

repository at Yucca Mountain), and the No-Action Alternative (maintain the wastes at existing generator and storage
sites). The EIS does not provide, nor was it intended to provide, the basis for deciding on a final repository design
(see Section 2.1.1.5 of the EIS). Rather, the EIS provides a range of design alternatives that DOE believes reflect a
range of environmental impacts that could reasonably be expected to occur from any combination of design
alternatives. Since publication of the Draft EIS, several enhancements have been included in the design of the
repository to improve performance and reduce uncertainties. These enhancements include a more robust waste
package, a titanium drip shield that would cover each waste package, and various ways to manage heat. This
evolving design was described in a Supplement to the Draft EIS that was released for public review in May 2001.

If Yucca Mountain was recommended for further development as a geologic repository, the Nuclear Regulatory
Commission would review the design concepts and performance predictions before granting DOE a license to begin
construction. The final design would be described in the License Application. Environmental impacts associated
with that design would be addressed as part of the License Application for construction authorization. During the
licensing process, DOE would evaluate design alternatives and options in greater detail, as necessary, to demonstrate
compliance with requirements of the Nuclear Regulatory Commission. The expected environmental consequences
of the final design would have to have been adequately bounded by the consequences described in the Final EIS.

The Final EIS includes updated models for seismic events including those that could result in cladding damage.
Nevertheless, modeling indicates that waste package failure would not increase greatly. The most likely results of
seismic shaking are rocks falling from the ceilings of the emplacement rooms that could breach the waste packages.
The updated analysis of seismic-induced rockfall for the flexible design indicates that during the first 10,000 years,
the titanium drip shields covering each waste package would be expected to provide adequate protection from
rockfall. After 10,000 years, the collapse of tunnels would preclude rocks from falling because the ceilings would
rest on or near the drip shields and waste packages. In conclusion, damage to waste packages from seismic shaking
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would be unlikely. Potential impacts associated with other disruptive events, such as volcanic eruptions and human
intrusion, have been updated for the flexible design and are presented in Chapter 5 of the EIS.

Consistent with National Academy of Science observations, DOE has designed performance assessments on a
combination of mathematical modeling, natural analogues, and the possibility of remedial action in the event of
unforeseen events. DOE confidence in the disposal techniques is based on defense-in-depth that, for example,
places drip shields over waste packages to account for uncertainties. DOE adopted an assessment approach that
explicitly considered the spatial and temporal variability and inherent uncertainties in geologic and biological
components. The bases of the approach are summarized as follows:

e  Site description is based on extensive underground exploratory studies and investigations of the surface
environment.

e Reference design is based on laboratory investigations and conceptual engineering studies.
e Features, events, and processes that could effect the long-term safety of the repository are identified.

e  Evaluation of a wide range of exposure scenarios, including the normal evolution of the disposal system under
the expected thermal, hydrologic, chemical, and mechanical conditions; altered conditions due to natural
processes such as changes in climate; human intrusion or actions such as use of water supply wells, irrigation of
crops, exploratory drilling; and low probability events such as volcanoes, earthquakes, and nuclear criticality.

e Development of alternative conceptual and numerical models to represent the features, events, and processes of
a particular scenario and to simulate system performance for that scenario.

e Parameter distributions to represent the possible change of the system over the long term and use of
conservative assessments that lead to overestimating of impacts when there is insufficient information for use of
a probability distribution.

e Performance of sensitivity analyses.
e Extensive peer review and oversight.

DOE believes this process resulted in a representative estimation of impacts and is sufficient for comparing the
relative merits of the various repository scenarios, including the preferred alternative. The Department continues to
evaluate the sufficiency of its approach of dealing with uncertainty at the process level (scientific) as well as the
system-level of modeling. A task force has been organized to review and outline further work to be completed on
uncertainties before the time of license application, should the repository be recommended as a suitable site.

7.1.4 WASTE PACKAGE MANUFACTURING

7.1.4 (2190)

Comment - EIS000765 / 0005

My suggestion involves the disposition of some 6000 tons of DOE-owned radioactively-contaminated scrap nickel
which was removed from DOE’s uranium enrichment plants. DOE has decided not to release this nickel to the
market for recycle. My suggestion is that DOE earmark this nickel for the fabrication of the corrosion-resistant inner
layer of the disposable waste packages to be placed in the waste repository. In that manner DOE uses a resource that
it already owns, the contaminated nickel is managed safely, and the issue of contaminated scrap metal getting into
the public sector is totally avoided.

Response
Surplus nickel has been recovered, and is still being recovered, from DOE uranium-enrichment plants. While the

Department has not released this material for unrestricted recycling, it has not decided on a final course of action for
ultimate disposition of the nickel. After initial evaluation, DOE has determined that a suitable application for the
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nickel could involve the fabrication of waste containers or related components for a high-level radioactive waste
repository or some other disposal facility.

7.1.4 (9391)

Comment - EIS001888 / 0096

DOE’s selections of corrosion rate values for the waste-package Corrosion Allowance Material (A516 10,01 carbon
steel) may not adequately represent the corrosion-rate potential because they do not account for the effects of drip
velocity, and formation of salts and chlorides. Similarly, the corrosion rates for the 7.0 Corrosion Resistant
Material, Alloy 22, may not adequately account for adverse crevice-corrosion conditions. Corrosion rates are
discussed in Attachment B.

Response
The evolving design of the engineered-barrier system, as described in the Supplement to the Draft EIS (released for

public review in May 2001) and carried forward to the Final EIS, now includes a more robust and corrosion-resistant
waste package with a nickel-based alloy (Alloy-22) as the corrosion-resistant barrier over a stainless-steel structural
inner liner. In addition, the engineered barrier now includes a titanium drip shield above each waste package for
defense-in-depth against corrosion.

The Supplement evaluates the enhanced waste package and explains the rationale for the changes. The degradation
model used for predicting long-term performance of the waste packages includes corrosion rates that address salt
and chloride formation and adverse crevice corrosion. DOE does not view drip velocity as a meaningful parameter
in the long-term performance calculations because the titanium drip shield would prevent dripping on the waste
package in the near term and because the analysis assumed that the drift would collapse over time. The EIS
degradation model evaluated both drip and no-drip models, as discussed in Appendix I and its referenced sources.

7.1.4 (10279)

Comment - EIS000993 / 0003

I’d like to touch on an issue that is often cited as a failure of spent fuel management performance and NRC [Nuclear
Regulatory Commission] oversight. It is the issue of the flawed cask loaded and in operation at Palisades during my
tenure. Although we found and reported this partial through wall flaw on a storage container, the NRC demanded
that we demonstrate that the cask met all design conditions including the worst case postulated accidents. We were
able to demonstrate that it did to the NRC’s satisfaction and the cask has been in operation cooling and shielding the
spent fuel since 1994 with no abnormal radiation, contamination or any other performance issues. If you don’t
believe my statement here, I invite anyone to come to MI [Michigan] to stand with me next to the flawed cask and
observe for yourself the actual performance and review our historical records. The NRC demanded the cask meet
requirements or it could not have been allowed to stay in operation. All future spent nuclear fuel storage and
transportation activities must and will meet the same type of standard or they will not be allowed to occur.

Response
The casks that DOE would use to transport and dispose of spent nuclear fuel and high-level radioactive waste at a

repository at Yucca Mountain would meet all applicable standards.

7.1.5 DISPOSAL

7.1.5 (1547)

Comment - EIS000357 / 0006

Page 1-6. 1.2.2. The text reads, Cladding. Ifit is not damaged or corroded, has the capability to isolate the spent
nuclear fuel and delay the release of radionuclides to the environment for long periods. What is a “long period”?
This is not quantified.

Response
The purpose of this statement is to provide a general sense that the zirconium alloy cladding that encases most of the

commercial spent nuclear fuel would provide an isolation barrier for thousands of years. The improved cladding
degradation models used for the analyses in the Final EIS indicate that less than 10 percent of the cladding would be
perforated at 50,000 years, and that about 15 percent would be perforated after 100,000 years (DIRS 157307-BSC
2001).
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7.1.5 (4873)

Comment - EIS000337 /0011

Pg. 2-61, Section 2.2.2.1: Storage Packages and Facilities at Commercial and DOE Sites, 4th par.: “Figure 2-38
shows a typical dry storage canister,....” Are these canisters the same as what will be used in the proposed action?
If not, why not?

Response
The dry storage canister depicted in Figure 2-34 of the EIS is typical of canisters in use today to store spent nuclear

fuel in a dry configuration at commercial nuclear reactor sites and some DOE facilities. Canisters of spent nuclear
fuel that utilities store on site in a dry storage cask would resemble the canister shown in Figure 2-34. The decision
to place fuel in such a configuration, however, is made by the utilities, not DOE.

The Proposed Action includes removing the spent nuclear fuel from these commercial and DOE sites and
transporting it to Yucca Mountain for emplacement in a repository. At Yucca Mountain the spent nuclear fuel and
high-level radioactive waste would be placed in specially designed waste packages for emplacement in the
repository. The function of the waste package would change over the lifetime of the repository. During the
operation and monitoring phase, the waste packages would function as the vessels for safely handling, emplacing,
and retrieving (if necessary) their contents. After closure, the waste packages would be the primary engineered
barrier to inhibit the release of radioactive material to the environment.

The function of the repository’s waste packages is similar to the function of short-term dry storage canisters used at
utilities. However, the repository’s waste packages are also designed specifically for the long-term needs of
permanent disposal.

7.1.5 (4882)

Comment - EIS000337 / 0022

Pg. 5-28, 1st par, last sentence: Until now DOE has stated that it is difficult to obtain precise values. This section
discussed juvenile failures and made the ambiguous statement that they would be very low. DOE proceeded to say
that if there were no failures the mean consequences would decrease by 2%. They have not proven that anything in
this DEIS is accurate to 2%.

Response
For the purposes of analysis in the Draft EIS, DOE assumed that 1 of every 10,000 waste packages would fail

completely, exposing all its contents 1,000 years after closure of the repository. This rate was based on industrial
experience of manufacturing and handling (DIRS 101779-DOE 1998). The statement that the mean consequences
would decrease by 2 percent in the event of zero juvenile failures means that the repository system would still
provide excellent isolation of the waste, even in the event of juvenile failures.

As part of the waste package performance analysis performed for the updated package design for the flexible design,
DOE conducted a comprehensive evaluation of fabrication processes. The results of the analysis indicated that
improper heat treatment could result in early failure of some packages. The results showed that the probability of an
improperly heat-treated waste package in the proposed repository was 20.2 percent. Corresponding probabilities for
two and three improperly heat-treated packages were 2.6 percent and 0.2 percent, respectively. (DIRS 155950-BSC
2001). The Total System Performance Assessment Model was run with these probabilities sampled, so that a little
more than 20 percent of the simulations show a very small release prior to 10,000 years as a result of these early
failures. The resultant annual doses are many thousand times smaller than the limit in the Environmental Protection
Agency standard. A strong quality assurance program would ensure proper fabrication, stress relief, and testing of
the waste packages before emplacement.

In addition, the updated waste package modeling and life expectancies for the flexible design evaluated in the Final
EIS are based on experiments and analyses documented in the Waste Package Degradation Process Model Report
(DIRS 151624-CRWMS M&O 2000) and the FY 01 Supplemental Science and Performance Analyses Report
(DIRS 154659- and 155950-BSC 2001). These studies identify and discuss each potential waste package
degradation mode. The degradation model includes those modes that analyses did not screen out as highly
improbable.
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Obviously, there is uncertainty associated with the extrapolation of experimental results for such long periods. DOE
selected the design analyzed in the Final EIS to mitigate the uncertainties by adding features (such as the drip shield)
to provide defense-in-depth. This provides greater assurance that the repository would meet its performance
standards in the face of uncertainty.

7.1.5 (7291)

Comment - EIS001683 /0002

There are so many reasons why nuclear waste should not be stored at Yucca Mountain. The casks are not able to
contain the waste. Bacteria found at the site can corrode them.

Response
The Yucca Mountain repository, as described in the May 2001 Supplement to the Draft EIS, includes a robust

engineered barrier system designed specifically to work with the favorable natural-barrier system at Yucca
Mountain. The container in which DOE would place nuclear waste in the repository would not be the sole
engineered barrier. The current design includes a robust waste package with a nickel-base alloy (Alloy-22) as the
outer corrosion-resistant barrier over a stainless-steel structural inner liner.

DOE is evaluating waste package materials, including Alloy-22, for reaction to an attack by microbes under
conditions expected at Yucca Mountain. To date, this evaluation has identified no bacteria-related concerns for
Alloy-22. However, for conservatism, DOE added a microbial attack factor to the assessment of the long-term
performance of Alloy-22. Information in the Supplement, carried forward to the Final EIS, evaluates the new design
and materials for waste packages and explains the rationale for the enhancements.

7.2 Repository Operational Plans

7.2 (1704)

Comment - EIS000624 / 0002

I have been told by many of them people there, if [an] accident ever happens out there, we’re going to get the robots
out here from back east, two of the robots. They are going to handle it. I think that’s under no agreement, or I don’t
know what you call it. Let’s all think about it. What are we going to do if accident ever happens?

Response
Section 4.1.8 of the EIS describes potential accident scenarios. In the event of a radiological accident, DOE would

use remotely controlled equipment such as inclined plane haulers, load-haul-dumps, and other special equipment to
recover from such accidents. This equipment exists today. DOE has identified and developed the methods for
retrieval and the equipment and procedures it would use for retrieval under both normal and abnormal conditions.
The Department would not rely on “robots” or any other technology strictly from one source or location.

Tables 2-7 of the EIS compares the potential accident consequences for the Proposed Action and No-Action
Alternative. Appendix H contains a more detailed discussion.

7.2 (5327)
Comment - EIS001887 / 0055
Page 1-17; Section 1.4.2 - Proposed Disposal Approach

The third sentence of the first full paragraph indicates that “(t)he waste packages would be moved underground by
rail.” This is also described elsewhere in the document (Section 2.1.2.2.1 Subsurface Facility Design and
Construction, Page 2-27 through 2-31). However, nowhere does the Draft EIS indicate what level of inspection will
be performed on the rail/trolley system, as well as other infrastructure in place at the site. Inasmuch as a
transportation or emplacement related accident at the site could have catastrophic and long-term impacts to Nevada,
quality control, inspection by qualified outside expertise, and a comprehensive maintenance and inspection program
for the transportation activities and infrastructure within the site are critical to program safety. The Draft EIS fails to
address this important component of long-term site safety.
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DOE can contract for such services from the private sector, utilize existing contractors, hire DOE expertise in these
areas, or provide resources so that other State or federal agencies conduct inspections. Additional resources for
affected federal or state agencies would need to be quantified and funded accordingly.

Response
Prior to construction and operation of a repository, the Nuclear Regulatory Commission would first have to issue a

license under the provisions of 10 CFR Part 63. The Commission has always required a strong quality assurance
program for licensed nuclear facilities. DOE expects that the license provisions for an in-depth quality assurance
program at a deep geologic repository would be no less stringent than those required for other nuclear facilities.
Required elements of an effective quality assurance program would include inspection by independent experts as
well as a comprehensive maintenance program. However, although DOE is committed to funding an effective
quality assurance program, estimating the resources required at this time would be too speculative to provide
meaningful information to the decisionmaking process. Therefore, this information has not been included in the
EIS.

DOE agrees that even with the best approach to operations and maintenance, accidents could occur. Therefore, a
number of accident scenarios have been evaluated both at the repository and during transportation. Impacts from
these accident scenarios are described in Chapter 4 of the EIS.

7.2 (5352)
Comment - EIS001887 / 0073
Page 2-11; Section 2.1.2 - Repository Facilities and Operations

The statement is made that “...spent nuclear fuel and high-level radioactive waste would be handled remotely with
workers shielded from exposure to radiation using design and operations practices in use at licensed nuclear
facilities to the maximum extent practicable” (emphasis added). Since the Yucca Mountain facility is required to be
licensed by the NRC [Nuclear Regulatory Commission] and all facility operations would be carried out under NRC
regulations, it is inaccurate to assume that practicability would dictate which regulations would be followed and
which would not be. The statement that practices used in other licensed facilities would be implemented at Yucca
Mountain only to the extent practicable is indicative of the assumption throughout the document and the entire DOE
program that regulations and requirements can be changed, modified, or suspended to meet the dictates of the
project.

Response
DOE agrees that all facility operations would be conducted in accordance with license requirements issued by the

Nuclear Regulatory Commission. In addition, repository designs and operating procedures must satisfy Commission
regulations, or DOE would not receive a license to build and operate the facility. However, the Department does
have the ability to decide which design features and procedures it feels will best satisfy those regulations. Many
functions of the repository, such as cask handling and fuel storage, would be identical to those at existing nuclear
facilities. Therefore, DOE has many examples from which to choose to satisfy the regulations.

7.2 (5372)
Comment - EIS001887 / 0089
Page 2-37; Section 2.1.2.4 - Performance Confirmation Program

As part of performance confirmation and prior to initiation of waste emplacement, DOE should commit to a
demonstration of a full drift emplacement-retrieval cycle as a proof of operational capability.

Response
As part of routine pre-operational testing, DOE would test the waste package transporter, emplacement gantry, and

emplacement operations before such operations began, which would not be before 2010. The retrieval operation
would use essentially the same equipment and operations as emplacement (in reverse order), so the tests would be
relevant to demonstrating the capability for retrieval.
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7.2 (5373)
Comment - EIS001887 / 0090
Page 2-38; Section 2.1.3.1 - Loading Activities at Commercial and DOE Sites

The text states “..the EIS assumes that at the time of shipment the spent nuclear fuel and high-level radioactive waste
would be in a form that met approved acceptance and disposal criteria for the repository.” In the case of commercial
spent fuel, there is no basis for making such an assumption. Given the market-driven, [laissez] faire approach
planned for transporting spent fuel from reactor sites to Yucca Mountain, the form of the spent fuel to be shipped
will be determined by the type of transport canister used and the shipment mode selected. Both of these factors will
be determined largely by economic factors and by conditions and infrastructure at each reactor location. DOE will
likely deal with widely diverse spent fuel configurations, including different shipping cask configurations, different
shipment loads and weights, different conditions of fuel elements, etc. The overly optimistic assumption that spent
fuel and HLW received at the repository surface facilities will be in standard forms and require little or no
remediation or special handling is erroneous and understates the difficulties associated with the waste acceptance
and handling operations at the repository.

The level of effort required at a repository waste acceptance, handling, and processing facility will be one that is
unprecedented in volume, diversity of waste forms, and duration. The handling of spent fuel is currently done only
on a very limited scale, usually one or two fuel assemblies at a time, at reactor locations. There is no experience
with the scale and complexity of operations that would be required to process hundreds of thousands of spent fuel
elements (both at points of departure and at the repository surface facilities) over a sustained period of 30 years or
more. The Draft EIS completely ignores the unprecedented nature of this effort and, instead, treats it as if it were a
routine industrial activity.

Response
The Waste Handling Building would be able to handle a variety of waste forms consistent with known waste

acceptance and transportation requirements. DOE is developing detailed waste acceptance and interface criteria
documents with which the waste generators would have to comply and that will identify the characteristics of
acceptable waste forms for the repository. These documents will contain the details of the standard waste forms that
the repository would be able to accept and would be part of its licensing basis. The waste forms would include
commercial spent nuclear fuel packaged in different truck and rail casks, and in dual-purpose canisters. Some of the
shipments would contain failed fuel or radioactive nonfuel components. In addition, a variety of defense nuclear
waste forms including DOE spent nuclear fuel and high-level radioactive waste would be shipped in canisters that
could be placed directly in disposal containers (waste packages). The repository’s waste handling systems would
include the variety of tooling required to handle the diversity of shipments, open and handle them, and package the
various waste forms for disposal.

DOE disagrees with that part of the comment that contends that the loading and transportation of commercial and
DOE spent nuclear fuel would be market driven. Waste transport would be governed by strict safety requirements
mandated by the Nuclear Regulatory Commission for commercial facilities and by DOE for its sites. Over the past
30 years there have been thousands of shipments of commercial spent nuclear fuel in the United States without
notable radiological releases or incidents of exposure, which is evidence that such loading can occur safely. Section
6.2.2 of the EIS contains more information.

System and facility designs can accommodate the handling of abnormal and damaged waste forms. These include
systems for handling a damaged waste package (the Waste Package Remediation System). Shipments of
commercial spent nuclear fuel would be licensed in accordance with the provisions of 10 CFR Part 71, which
provided much of the information for the Waste Handling Building related to such spent nuclear fuel.

Although the waste handling operations would be a significant undertaking, DOE would use proven techniques,
technology, and practices to develop the design. Such operations are not unprecedented. All of the waste to be
handled at the repository would have been moved at least once to a facility or storage system before being
transported. Commercial reactor sites have received, stored, and loaded nuclear fuel for decades, and have provided
packaging, shipping, and surface storage of spent nuclear fuel. Computer modeling verified that current preliminary
designs could meet the conservative (maximum expected) waste receiving, handling, and packaging rates with some
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margin. In addition, the model used realistic reliability and maintainability data to account for equipment outages
during the model runs.

7.2 (5424)
Comment - EIS001887 / 0124
Page 2-60; Section 2.2.1 - Yucca Mountain Site Decommissioning and Reclamation

If Yucca Mountain is not used as a repository under the No-Action Alternative, all openings should be sealed, not
just gated. Under the NWPA [Nuclear Waste Policy Act], the site would be permanently removed from
consideration as a repository.

DOE should state that the activities discussed in this section will be carried out according to federal and State
requirements and as required by BLM [the Bureau of Land Management] in the applicable right-of-way grants that
are, and have been, in place throughout Yucca Mountain site investigations.

This section provides no detail about reclamation procedures, their application, and their chances for success.

Response
Chapter 7 of the EIS describes the impacts if the Yucca Mountain site was found unsuitable or otherwise dropped

from consideration as a repository and the specific actions that DOE would take. Section 7.1.4 describes the
reclamation activities that would occur at Yucca Mountain, and the “Reclamation Implementation Plan” (DIRS
102188-YMP 1995) describes the procedures for those activities. The Bureau of Land Management developed
reclamation procedures in accordance with stipulations agreed to when it granted rights-of-way for site
characterization to DOE. Section 3.1.1.2 contains information on these rights-of-way.

DOE would gate, rather than seal, the North and South Portals at Yucca Mountain. Backfilling and sealing of the
Exploratory Studies Facility would create environmental impacts that would outweigh the environmental and cost
benefits of gating these portals.

7.2 (5598)
Comment - EIS001887 / 0224
Page 4-20; Section 4.1.3.2 - Impacts to Surface Water from Construction, Operation and Monitoring, and Closure

What methods would be established to control water application amounts for surface and subsurface dust
suppression? DOE’s track record for controlling and tracking water usage during site characterization is weak, at
best.

Response
DOE has not selected exact methods for controlling surface dust. Section 4.1.3.2 of the EIS states that DOE would

establish controls as necessary to ensure that water application for subsurface and surface control of dust did not
affect repository performance or cause substantial impacts. Tables 4-9 and 4-10 include the estimated water use
required for surface facility dust control during construction in the total water use.

7.2 (5599)

Comment - EIS001887 /0225

Page 4-22; Section 4.1.3.2 - Impacts to Surface Water from Construction, Operation and Monitoring, and Closure
The Draft EIS should provide actual details of the plan for managing spills and radiological contaminant leaks, not
just give a reference as an “example” of what might be done.

Response
The purpose of the EIS is to evaluate the environmental impacts of the Proposed Action and alternatives. Detailed

plans for managing spills and radiological contaminant leaks would be prepared as part of the licensing process, if
the repository was approved for development by the President and Congress, if necessary, and would not contribute
in a meaningful way to discriminating between design scenarios. However, DOE believes that environmental
consequences of spills and radiological contaminant leaks during construction, operation and monitoring, and
closure would be minor and manageable.
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7.2 (5600)
Comment - EIS001887 / 0226
Page 4-23; Section 4.1.3.2 - Impacts to Surface Water from Construction, Operation and Monitoring, and Closure

The Draft EIS should provide the actual surface environmental monitoring plan.

Response
DOE would develop a surface-water monitoring plan during the License Application phase. The purpose of the EIS

is to determine the environmental consequences of the Proposed Action and the No-Action Alternative. Inclusion of
a surface-water monitoring plan in the EIS would add unnecessary bulk.

As described in Section 4.1.3.2 of the EIS, DOE contends that the environmental consequences to surface water
from construction, operation and monitoring, and closure would be minor and manageable. High- and low-level
radioactive waste would be handled under fully contained and controlled conditions. The facilities and systems
would be designed for confinement and safety. Use of hazardous materials would be subject to administrative
controls, and nonhazardous material substitutes would be used to the maximum extent possible. Spills of hazardous
materials, should they occur, would be handled in accordance with all applicable Federal and state regulations.

7.2 (6420)

Comment - EIS001632 / 0009

Page 2-31: The third full paragraph describes removing materials from the repository during the subsurface
construction that occurs simultaneously with waste emplacement. What plans does the Department have for
monitoring the water and other material being removed during waste emplacement operations? Monitoring should
ascertain that no radioactive contamination is being removed. While it is not likely that such contamination will
occur, there is always the possibility of contaminants adhering to the surface of waste packages and getting into the
water or material being removed, or of an accident occurring.

Response
DOE would emplace waste packages in underground tunnels at the same time it was constructing additional tunnels.

However, the two areas of operation would be isolated from one another. Section 4.1.3.2 of the EIS discusses
potential impacts to surface water from repository construction, operations, maintenance, monitoring, and closure.
As stated in that section, DOE would pump water from subsurface construction areas to a lined evaporation pond at
the South Portal Operations Area. It would pump water from the emplacement areas, if any, to a lined evaporation
pond at the North Portal Operations Area, but only after verifying that it was not contaminated.

DOE would remove solid materials through mining operations, but only from the development area. Bulkheads
would isolate this area from the emplacement side, and the ventilation system would ensure that air leaks would be
from the development side to the emplacement side (because it would maintain a lower pressure on the emplacement
side).

7.2 (6862)

Comment - EIS001466 / 0007

Another interesting experience was being on top of the mountain, and in one single spot, because you have a view, a
lot of this equipment was nearby. I found it really interesting that all the weather monitoring equipment, the
seismographs and other machines up there were solar powered. I really liked that. I thought that was great. And
one of the proposals for ventilating Yucca Mountain, because the heat is going to be so intense from the waste is --
or was, I’'m not sure if it’s still a project proposal, but a solar powered -- the whole mountainside has solar power
panels to drive the ventilation system at Yucca Mountain. So it’s the world’s first solar powered nuclear waste
dump.

Response
As described in the Supplement to the Draft EIS (released for public review in May 2001) and carried forward to the

Final EIS, DOE would construct a 3-megawatt solar power generating facility which would operate in conjunction
with commercial power to meet the power needs of the repository.
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7.2 (7224)

Comment - EIS001337 /0103

Page 4-3 4th full paragraph. This section should describe what factors will be used to determine whether a 50 or
300 year performance confirmation period will be utilized. The length has implications for PETT [Payments-Equal-
to-Taxes] payments and timing of possible retrieval and related transportation activities.

Response
Testing and performance confirmation activities would extend until the beginning of repository closure. DOE

would decide on the exact date in concurrence with the Nuclear Regulatory Commission and any laws and
regulations that exist at that time. For analysis purposes, the Draft EIS evaluated closure starting 100 years after the
start of emplacement, but also assessed impacts for closure starting 50 and 300 years after the end of emplacement.
The updated flexible design presented in the Supplement to the EIS includes a lower-temperature operating mode
with ventilation extended for 300 years after final emplacement. The impacts related to this and other operating
modes for the flexible design are presented in Chapter 4 of the Final EIS.

Waste shipments to the repository would not be influenced by a date for starting closure. Payment-Equal-to-Taxes
is required under the NWPA, and is not a discriminating factor in the decisionmaking process. DOE has not
estimated Payment-Equal-to-Taxes beyond 2003 and, therefore, has not included long-term Payment-Equal-to-
Taxes estimates in the EIS.

DOE agrees that the final closure date could affect the timing of any retrieval that might be required. However, the
impacts of such contingency action would be relatively insensitive to timing and such an evaluation would produce
little meaningful information for the decisionmaking process. For this reason, DOE has not included this evaluation
in the EIS.

7.2 (7542)

Comment - EIS001912 / 0061

Pg. 4-2 How long will it take to construct the repository including all the emplacement tunnels? What is the total
estimated cost of construction?

Pg 4-4 Repository design is not conceptual-it is unproven. DOE at this point cannot prove that any of the design
alternatives can meet licensing standards. DOE cannot even demonstrate with models or otherwise that their design
alternatives can work.

Response
The estimated time to construct the surface facilities, main drifts, ventilation systems, and initial emplacement drifts

is five years. Construction of emplacement drifts would continue through about 2032. Section 2.1.5 of the EIS
presents updated cost estimates for the proposed repository. Total system life-cycle costs would range from $42.8
billion to $57.4 billion, depending on the repository operating mode.

The purpose of the EIS is to evaluate the consequences of the Proposed Action and the No-Action Alternative. The
intent is not to demonstrate compliance with a regulatory licensing requirement. EISs are often based on conceptual
designs. The evolution of the design of the repository has included a comprehensive evaluation of alternative
features and concepts prior to the selection of the design upon which DOE based the Draft EIS. Since publication of
the initial Draft EIS in July 1999, the design of the repository has continued to evolve. This evolved design was
described in a Supplement to the Draft EIS that was released for public review in May of 2001 and was carried
forward to the Final EIS. The evolved design includes the flexibility to operate the repository in either a higher- or
lower-temperature mode after closure. The evolved design includes more robust waste packages and titanium drip
shields over each waste package to protect the waste packages from moisture and rockfalls.

DOE recognizes that absolute proof of long-term performance of the repository is not possible. The Environmental
Protection Agency, in promulgating the Yucca Mountain environmental protection standards (codified at 40 CFR
Part 197), recognized that, with the current state of technology, it is impossible to provide a reasonable expectation
that there will be “zero” releases over 10,000 years or over a longer period. Therefore, the Agency promulgated
standards that it believes provide comparable protection to those of other activities related to radioactive and
nonradioactive wastes. These standards do not require complete isolation of the wastes over the compliance period
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(10,000 years) or the period of geologic stability (1 million years). The goal of a performance assessment for Yucca
Mountain supporting the site recommendation decision and later licensing (if the site is recommended), is to
evaluate whether the repository is likely to meet these standards. The goal of this EIS is to project possible impacts
using similar modeling technology.

Therefore, as directed by the NWPA and consistent with Environmental Protection Agency and Nuclear Regulatory
Commission guidelines, DOE will continue the characterization effort at the Yucca Mountain site. If this effort
determined the site was suitable, and if a recommendation by the Secretary was accepted by the President and
Congress, if necessary, the Department would continue detail design and licensing efforts necessary for
construction, operation and maintenance, monitoring, and eventual closure of the repository. These efforts would
use the best science and construction techniques available at the time to provide a reasonable expectation that the
repository would meet the environmental protection standards of 40 CFR Part 197, as well as the site suitability
standards of 10 CFR Part 63, thus ensuring the long-term protection of the general public and the environment.

7.2 (7572)

Comment - EIS001912 / 0067

Pg. 4-98. Describes short-term impacts from the [of] a retrieval contingency yet the proposed action does not
include such action. Why? The contingency action needs to be completed and described in the proposed action.

To be consistent with the no-action alternative (scenario 2), the DEIS must describe impacts from the loss of
institutional control. The analysis of the contingency must also describe the costs to manage waste in this form
indefinitely and who would be responsible for the cost. Maintaining waste on-site at Yucca Mountain would be
similar to the no-action alternative-deep geologic storage would be the preferred option.

Response
Section 122 of the NWPA requires DOE to maintain the ability to retrieve the materials emplaced in the repository

in the event of a decision to retrieve them to protect public health and safety or the environment or to recover
constituent parts of spent nuclear fuel. This retrieval requirement is reflected in the Nuclear Regulatory
Commission’s disposal regulations [10 CFR 63.111(e)]. Although DOE does not anticipate that retrieval would be
necessary, it would utilize the repository design to maintain the ability for future generations to retrieve these
materials for at least 100 years and possibly for as long as 300 years after emplacement operations began (see
Section 4.2 of the EIS). The Federal Government, therefore, would maintain stewardship of the repository site for
generations to come. These stewardship activities would entail site protection, confirmatory scientific work and a
postclosure monitoring program required by Nuclear Regulatory Commission rules governing the disposal of high-
level radioactive wastes in a geologic repository (10 CFR 63.51). The decision to close the repository (and thus give
up active control) would come after the approval of a license amendment supported by what would be new and more
advanced analyses utilizing future data and modeling tools.

Although it is not part of the Proposed Action, DOE has considered the impacts of retrieving spent nuclear fuel from
the repository as a contingency action and describes the potential impacts if it was to occur (see Section 4.2 of the
EIS). The Department evaluated only those actions that it could predict with any certainty (that is, removal of the
emplaced waste materials and subsequent onsite storage). Because any future actions regarding the management
and disposal of these materials following retrieval would be at the direction of Congress, and because they are
highly speculative and unnecessary to support current decisionmaking, DOE believes it is inappropriate to attempt to
evaluate impacts that could result from these actions.

Under Nuclear Regulatory Commission regulations (10 CFR Part 63), the required “description of plans” for
retrieval operations is not the same as that required for the designs and plans associated with fuel receipt, handling,
and emplacement. The Commission would have to approve a decision to retrieve the waste (separate from the
Proposed Action), at which time it would review detailed retrieval plans and facility designs.

A loss of institutional control under retrieval circumstances is not a feasible occurrence. Nuclear Regulatory
Commission regulations (10 CFR Part 63) require that DOE institute active and passive institutional controls, so the
repository design contains such controls. The controls would reduce, for as long as possible, the potential that
human activity could degrade long-term repository performance. Scenario 1 of the No-Action Alternative includes
an analysis of impacts under effective institutional controls for at least 10,000 years and is consistent with the
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portion of the analysis of the Proposed Action that includes an analysis of effective institutional controls for the first
100 years after closure. Scenario 1 assumes that the spent nuclear fuel and high-level radioactive waste would be
stored in a configuration that would allow retrieval at any time in the future; therefore, long-term retrievability is not
an issue. The Scenario 2 analysis of the No-Action Alternative does not consider institutional controls after
approximately 100 years and is parallel to the portion of the Proposed Action analysis in which long-term
performance after 100 years does not include institutional controls.

Concerning economics, the costs associated with the Proposed Action would be greater during the first 100 years;
the ongoing costs associated with continued storage under the institutional control scenario would be far greater.
Most of the funding for site characterization and ultimately development of a repository, should the project proceed
to that stage, comes from ratepayers who benefit directly from the use of nuclear power. Continued storage of spent
nuclear fuel at generator sites would also be ratepayer-funded. The analysis assumed that continued storage
facilities would require replacement every 100 years, and there would be a major facility repair halfway through the
first 100-year cycle. Under Scenario 2, loss of institutional control, the projected economic impacts would be the
same as those for Scenario 1 for the first 100 years, but after that approximately 800 jobs would be lost.

Cost estimates of the No-Action Alternative are presented in Section 2.2.3 of the EIS and estimates of the Proposed
Action are presented in Section 2.1.5. However, a specific cost/benefit analysis has not been performed because it is
not necessary to support current decisionmaking. It is DOE’s opinion that sufficient information about potential
impacts to the public health, safety, and the environment is provided in the EIS to support current decisionmaking.

7.2 (7989)

Comment - EIS000817 / 0049

If you are cooling and venting casks as you unload them, I assume gases and water released will be highly
contaminated.

Response
DOE has extensive experience with the unloading of transportation casks. Experience has shown that cask gases

and interior surfaces are sometimes contaminated from dislodging crud from spent-fuel-element surfaces during
transportation. Normal cask-unloading operations include checking the cask exterior for contamination, sampling
the cask gases, and venting the interior gases through filtration. Before using the cask again, the external surfaces
are checked for contamination and decontaminated, producing small amounts of low-level waste. Nuclear facilities
routinely conduct loading and unloading operations using methods and equipment designed to accommodate
contamination to ensure that no contaminated gases or radioactivity from cask surfaces are released. The equipment
designed for Yucca Mountain incorporates features developed over several decades of safe handling of spent nuclear
fuel at U.S. nuclear facilities.

7.2 (8233)

Comment - EIS001873 / 0027

P. 2-13. The discussion of closure scenarios must identify any conditions that might affect the ability of the DOE to
carry out this fifteen year project 300 years from now.

Response
Section 2.1.2.4 of the EIS discusses the steps DOE would take to close the Yucca Mountain Repository. Since the

publication of the Draft EIS, the Department has modified the repository design to include drip shields over the
waste packages and forced ventilation during the operation and monitoring phase. The drip shields would be placed
over the waste packages immediately before closure. The forced ventilation would end when DOE closed the
repository. The current design does not involve the placement of backfill over waste packages. The Final EIS
discusses these design changes and the steps DOE would take to close the repository.

The flexible design includes operating scenarios that would require the repository to remain open for at least 300
years after the end of emplacement. During this period, the repository would remain accessible for scientists to
continue testing and monitoring while providing more flexibility for future generations of scientists and engineers
who will conduct repository performance confirmation and ultimately determine the timing and methods of
repository closure. However, DOE believes that that the conceptual information contained in Section 2.1.2.4 of the
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Final EIS provides an adequate basis for estimating closure impacts for purposes of informing the decisionmaking
process.

7.2 (8327)

Comment - EIS000817 /0111

Now here -- here at this giant ISFSI in Nevada -- after retrieval -- here is where you could have the big degradation
of casks that you describe could happen at reactors. The reason it could happen here is that there are just too many
casks in one place to recask them all if need be in 20-40 years, etc. What is the plan for storage monitoring and
upkeep of casks, if the whole repository load is actually retrieved? What are doses to workers and the public if all
these casks need future unloading and recasking? Plan for that!!

Response
Section 4.2 of the EIS examines the potential impacts from retrieving the waste. Retrieval is not part of the

Proposed Action, but rather a contingency required by Section 122 of the Nuclear Waste Policy Act. DOE would
maintain the ability to retrieve the waste for at least 100 years and possibly as long as 300 years. Management of
these materials following retrieval would be in accordance with license conditions approved by the Nuclear
Regulatory Commission. If the material were to be deemed unsuitable for re-emplacement into the repository,
alternate disposal options would be at the direction of Congress. However, in the event the materials were
determined to be unsuitable for re-emplacement into the repository, some period of surface storage would be
required.

Since publication of the Draft EIS, a more detailed study of the retrieval contingency action has been completed for
the flexible design [see Section 2.3.4.6 of the Science and Engineering Report (DIRS 152985-DOE 2001)]. This
study includes considerations for normal and off-normal operations including handling and repackaging damaged
waste packages. However, because of the low probability that the retrieval contingency would be implemented and
the uncertainties related to the possible condition and integrity of the retrieved packages, DOE believes the impacts
estimates for such action would be too speculative to provide meaningful information for the decisionmakers. For
this reason, potential impacts of the retrieval contingency have not been provided in the EIS.

7.2 (8330)

Comment - EIS000817 /0112

You are better off leaving small ISFSIs [independent spent fuel storage installations] at the reactors where they are
now and can be taken care of. Why are you expecting only to put the waste package in a concrete module? Some
fuel may have to be unloaded. And modules may have to be replaced too. Think of this large retrieval ISFSI long
into the future. What will have to be done? Long term? Just remember, all the movement of the cask handling will
result in some problems. I doubt that your statement p.4-107 “the waste packages would not be opened” will prove
to be the case.

Response
Section 4.2 of the EIS examines the potential impacts from retrieving the waste. Retrieval is not part of the

Proposed Action, but rather a contingency required by Section 122 of the Nuclear Waste Policy Act. DOE would
maintain the ability to retrieve the waste for at least 100 years and possibly as long as 300 years. If retrieval were
required, surface storage would be in compliance with regulations that exist at that time.

Since publication of the Draft EIS, a more detailed study of the retrieval contingency action has been completed for
the flexible design [see Section 2.3.4.6 of the Science and Engineering Report (DIRS 152985-DOE 2001)]. This
study includes considerations for normal and off-normal operations including handling and repackaging damaged
waste packages. However, because of the low probability that the retrieval contingency would be implemented and
the uncertainties related to the possible condition and integrity of the retrieved packages, DOE believes the impacts
estimates for such action would be too speculative to provide meaningful information for the decisionmakers. For
this reason, potential impacts of the retrieval contingency have not been provided in the EIS.

7.2 (8369)
Comment - EIS001873 / 0054
P. 4-86. Impacts from cask maintenance should be included.
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Response
Although it could be located either onsite or offsite, the environmental impacts from Cask Maintenance Facility are

included in the impact analyses for the entire repository. See the various subsections under Section 4.1 of the EIS.

7.2 (9591)
Comment - EIS001888 / 0265
Service and Maintenance Support

This refers to the “personnel, facilities, equipment, materials, and system for transportation cask system equipment
maintenance, inspection, repair inventory, regulatory compliance, and decommissioning.” Will the waste packages
be opened and the waste inspected before it is disposed? Will the waste be shipped in a single container with
multiple uses, or will waste be transferred from a shipping container to a disposal container? If so, where will the
facility to perform such an operation be located? When will it be built? By whom?

Response
The May 2001 Supplement to the Draft EIS and Section 2.1.2 of the Final EIS describe the design and operation of

the repository. The transportation casks that would be used to transport the waste to the repository would be opened
and the waste forms removed and inspected. Some commercial spent nuclear fuel could arrive at the repository in
canisters that could be moved from the transportation cask to the waste package without being opened. In such
cases the canister itself would be inspected. Commercial spent nuclear fuel could also arrive at the repository as
individual assemblies that would unloaded and placed into the spent nuclear fuel blending inventory pools. When a
fuel assembly was relocated from the fuel blending pool for packaging, it would be prepared for and loaded into a
waste package one by one. All DOE waste forms would arrive in canisters that would be taken from transportation
cask to waste package without being opened. Waste forms packaged in canisters prior to shipment to the repository
would be inspected before the canister was sealed. The canisters themselves would be inspected at the repository,
but not opened. See Section 2.1.2.1.1.1 and 2.1.2.1.1.2 for a more detailed description and also Science and
Engineering Report, Section 2.2.4.2.1.

The receipt and unloading of transportation casks, and the loading and sealing of waste packages, would be done at
the surface facilities at the North Portal Area on the east slope of Yucca Mountain. The EIS analysis assumes that
construction of these facilities would start around 2005 and that operations would begin in 2010. There has been no
decision as to who would construct these facilities.

7.2 (9788)
Comment - EIS001888 / 0374
[Clark County summary of a comment it received from a member of the public.]

One commenter requested that the EIS evaluate the potential for spills to penetrate into the ground.

Response
As described in Section 4.1.3.2, DOE believes that the environmental consequences to surface water from

construction, operation and monitoring, and closure of the repository would be minor and manageable. High- and
low-level radioactive waste would be handled under fully contained and controlled conditions. The facilities and
systems are designed for confinement and safety. Use of hazardous materials would be subject to administrative
controls, and nonhazardous substitute materials would be used to the maximum extent possible. Spills of hazardous
materials, should they occur, would be handled in accordance with all applicable Federal and state regulations.

DOE would develop operational plans for managing spills during the License Application phase, as the preliminary
design progresses.

7.2 (10394)

Comment - EIS002192 / 0004

Now I’ve been around the horn a few times and I can only say they cannot say how long the repository will be
opened 50, 100, 300 years, and this is again a very ambiguous attitude of DOE, DOD [Department of Defense], EPA
[Environmental Protection Agency]| and NRC [Nuclear Regulatory Commission], and I’m sure people don’t realize
how dangerous this is.
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Response
As stated in Section 2.1.2 of the EIS, the design of the repository maintains the capability to close as early as

50 years or as late as 300 years after the start of emplacement operations. The purpose for this approach is to
provide future decision makers with sufficient flexibility in determining when the repository should be closed.

The earlier closure time, 50 years after emplacement would begin, stems from the requirement by the Nuclear
Regulatory Commission that waste retrieval be possible at least 50 years after the start of emplacement operations
(10 CFR Part 63). For analysis purposes, Chapter 4 of the EIS assumes that closure would begin between 100 and
324 years after the start of emplacement.

7.2 (10415)

Comment - EIS002205 / 0001

All the water, and it’s pumped into Yucca Mountain through pipes, every bit of its on a meter. This is recorded, and
any wastewater -- we use water. The dust is the problem because there’s no water in the mountain. It’s all powder
river, it’s all lava rock, and they’re digging with alpine miners or blasting or whatever, you spray the dust and it’s
brought on a conveyor system.

The conveyor system has foggers on it that spray onto the rocks and the dirt so they won’t have to keep the dust
down, and what you saw as far as the ten down, that’s for the wipers on the conveyor system that cleans off any of
the excess after the head roll and it falls down into tanks, but all this water is collected in tanks and it’s pumped back
into another pipe that is metered and goes back outside, and they can compare their meter readings on how much
water was used and how much was pumped back in and they -- the difference is how much was left in the ground,
and they have criteria where you can only have so much water or waste so much, but it’s -- they’re not trying to hide
anything, and water does not pour out of that mountain, trust me.

Now, you got into that when that tunnel boring machine came through that south portal. It’s spraying water all over.
Well, on the tunnel boring machine, you spray water on that to keep the dust down. Otherwise, I mean, you’ve got
men working in there. They’re in respirators, but the dust gets so thick, you can’t even see, so you have to control
the dust as best you can, and that’s why use of water, but all that water is still measured back into sumps, pumped
back out -- outside, but it’s all recorded.

Response
Section 4.1.3.2 of the EIS addresses the impacts to surface water from repository construction, operation and

monitoring, and closure. The EIS also discusses the potential for treatment and/or recycling of water throughout the
preclosure period.

DOE has concluded that any impacts to surface water from construction, operation and monitoring, and closure of
the repository would be minor and manageable.

7.2 (10913)

Comment - EIS001293 / 0001

I wish I could endorse and support the Yucca Flats project. The United States and the World needs a viable method
for storage and permanent disposal of high-level nuclear waste. However, I cannot endorse this project for reasons
that I will get to in a moment.

The concept of underground storage presumes that high-level wastes generate relatively small amounts of heat that
can be dissipated in the rock. On the contrary, heat generation is sufficiently large and prolonged that heat must be
continuously transferred to the environment in order to keep the wastes immobile.

Assume that spent fuel is allowed to decay in storage pools for 30 years after removal from the reactor. By this time
98% of the remaining radioactive decay and heat generation is accounted for by two isotopes, strontium-90 and
cesium 137. It can be calculated that the heat generation from 15,000 metric tons of spent fuel (the present U.S.
inventory) is approximately 19,000 kW. One hundred seventy years later (200 years after removal from the reactor)
the wastes will generate 300 kW of heat.
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These heat generation rates can be compared with the normal heat flow from Earth of approximately 0.215 kW per
acre. This heat is transferred to the surface with a temperature gradient of about 9°C per thousand feet. Assume that
the waste canisters are distributed under 1000 acres of the Yucca Mountain repository. This gives an initial heat
flow of 19 kW per acre, which is 90 times normal heat flow. In theory, the waste-containing strata will rise in
temperature until long-term equilibrium is reached and heat generation equals heat flow to the surface. In practice,
the wastes will soon reach melting and volatilization temperatures and begin to migrate from the repository depths.
Groundwater that comes into contact with the molten wastes will form steam, which will speed up waste migration.

These calculations, which I made from information in published government and nuclear industry sources, help
explain why repeated attempts to plan and build underground high-level radioactive waste repositories have come to
naught. I predict Yucca Mountain will be another exercise in futility, and the ever-increasing waste inventory will
continue to burden our future.

Response
The waste in the repository would generate a large amount of heat, which would decrease with time. DOE has

conducted detailed tests of the effects of heat on the rock at Yucca Mountain, and developed computer models that
predict the results of these tests within reasonable limits. Based on these computer models, the temperatures of the
waste inside the waste packages would remain below the melting point. Therefore, DOE predicts no volatilization
of wastes, either before or after closure of the repository.

Although there would be heat in the emplacement drifts during preclosure operations, ventilation systems would
keep the temperatures below the boiling point.

Because of the evolving nature of the design of the repository, DOE issued a Supplement to the Draft EIS in May
2001 for public review. This Supplement and the Final EIS describe the impacts of the repository based on the
most recent repository design. The repository design has evolved to include the flexibility to operate in either a
higher- or a lower-temperature mode after closure. Higher-temperature means that at least a portion of the rock wall
in the emplacement drift would have a maximum temperature above the boiling point of water. Operations in the
lower-temperature mode would ensure that the rock wall would remain at a temperature below the boiling point of
water and would keep the average maximum surface temperature of the waste packages below 85°C (185°F) to
avoid conditions that could increase the rate of waste package corrosion. DOE believes that ongoing site
characterization and design-related evaluations will continue to improve projected repository performance and
reduce associated uncertainties.

7.2 (12187)

Comment - 010073 / 0015

Page 2-9 - The SDEIS does not consider the potential for an extended fuel-aging process to also extend the
transportation campaign.

Response
The commenter is correct. Under any of the flexible design operating modes, DOE would receive commercial and

DOE spent nuclear fuel and high level radioactive waste over a 24-year period. Differences in the flexible design
modes would not directly affect transportation to the repository. DOE intends to maintain the transportation
schedule described in the Draft EIS.

7.2 (12780)

Comment - 010212 / 0004

Footnote d to Table S-1 refers to an assumption for the lower-temperature operating mode over a 50-year period
ending in 2060. We understand the purpose for the additional aging before emplacement is to reduce thermal
loading in the drifts. Does that affect the waste acceptance rates for commercial spent fuel or does it mean that the
fuel will be stored at the fuel aging area that is part of this operating mode alternative?

Spent nuclear fuel from commercial nuclear plants was supposed to have begin acceptance by DOE in January 1998,
according to the mandate of Nuclear Waste Policy Act and under terms of the contracts DOE required plant
operators to enter into in 1983. The earliest that DOE indicates spent fuel would be accepted is 2010, on the
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presumption of the proposed action that Yucca Mountain is found suitable for the repository and that a license
authorizing construction is issued sometime in 2005.

The nuclear utilities have been placed in a bind by the delay in waste acceptance. Many have already had to make
investments to expand reactor site storage that should not have been necessary if DOE had met the 1998 milestone
or had taken other steps to move spent fuel per the waste acceptance schedule to other DOE-managed sites on a
temporary basis. As a consequence, many utilities expanded their on-site storage capacity and others will need to
before waste acceptance begins in 2010 or later. Many utilities have entered into litigation seeking waste removal
and cost recovery for damages from DOE’s breach of contract.

We raise this question in the context of the need to move the spent fuel from reactor sites in a timely fashion as
move spent fuel accumulates. This must be a priority regardless of whether the lower or higher temperature-
operating mode is the one selected. Therefore, the aging facility needs to be sized accordingly if the lower-
temperature mode is adopted.

Response
As discussed in Section 2.2.2.2.2 of the Supplement to the Draft EIS, commercial spent nuclear fuel would be the

major contributor of heat in the repository. It would have a wide range of thermal outputs. The thermal output of
the waste packages could, however, be reduced by varying waste package loading. Commercial spent nuclear fuel
waste package loading could be varied by (1) placing low-heat-output (older) fuel with high-heat-output (younger)
fuel in the same waste package (fuel blending), (2) limiting the number of spent nuclear fuel assemblies to less than
the waste package design capacity (derating), (3) using smaller waste packages, or (4) placing younger fuel in a
surface aging area to allow its heat output to dissipate so it could meet thermal goals for later emplacement. Section
2.3.2.1 of the Supplement to the Draft EIS describes the fuel blending process further. Reducing the thermal output
of the waste package through any of these means would achieve lower waste package and drift wall temperatures.
DOE would consider aging as much as 40,000 metric tons of heavy metal of commercial spent nuclear fuel during a
50-year period.

The flexible design for the repository allows flexibility in the types of commercial spent nuclear fuel that DOE
would be receive. However, the estimated receipts are based on DOE projections of actions that would be taken by
utilities to deliver spent nuclear fuel for disposal and are independent of the repository design. Instead, they are
based on the terms of DOE’s Standard Contract for the Disposal of Spent Nuclear Fuel and High-Level Radioactive
Waste contained in 10 CFR Part 961 and the generation and storage characteristics of each generator site (see
discussion of CALVIN computer code in Section J.1.1.1 of the EIS). Therefore, DOE believes that the flexible
design, including the blending facility, would accommodate fuel that would be shipped to a Yucca Mountain
repository based on the terms of the Standard Contract.

7.3 Repository Long-Term Performance

73 ()

Comment - 24 comments summarized

Commenters said that Total System Performance Assessment evaluations are close to the status required for
licensing reviews. However, improvements needed for licensing would include revision or refinement of model
details, revision of parameter values as a result of data additions, and improvement of quality assurance basis for
models, computer codes, and data. One commenter said that the long-term consequences in the Draft EIS suffer
from the shortcomings that they are a snapshot in an evolutionary process. Commenters felt that the Viability
Assessment provided only a limited description of the methodology, assumptions, and use of information in the
Total System Performance Assessment (DIRS 101779-DOE 1998).

Response
DOE has continued technical development of the Total System Performance Assessment since publication of the

Draft EIS, including further site characterization, improvements to the engineered system design, system
performance assessment calculations, and quality assurance and validation of results. Chapter 5 and Appendix I of
the Final EIS reports on the modified assumptions and methodologies utilized. DOE agrees that the process requires
continual refinement and improvement.
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A peer review of the Total System Performance Assessment noted: “For cases in which it is feasible to improve
either the component models or their underlying data, the Panel recommends that primary attention be directed to
those changes that will affect the overall assessment of the proposed repository. Where conservative bounding
analyses do not result in an unduly pessimistic estimate of total system performance, it may not be cost-effective to
refine the assessment in an attempt to make it more realistic. For those systems and events for which, by virtue of
their complexity, it is not feasible to produce realistic models supported by data, the Panel recommends that, if
possible, a combination of bounding analyses and design changes be applied.” (DIRS 102726-Budnitz et al. 1999).
DOE concurs with these approaches. They are consistent with the Department’s strategy for developing a
preclosure safety case for the potential Site Recommendation and License Application, with the ongoing design
selection process, and with its efforts to prioritize future work for the Site Recommendation and License
Application.

With regard to the statements about Total System Performance Assessment sufficiency and the fact it is
evolutionary, DOE did not intend for the assessment to provide a precise projection of the probable behavior of the
repository system. Rather, the Total System Performance Assessment provides the probable behavior within the
range of results given the available information and analyses.

DOE continues to evaluate the sufficiency of its approach to uncertainty at the process level (scientific) as well as
the system level (modeling). A task force is reviewing and outlining further work to be completed on uncertainties
before the time of License Application, should Yucca Mountain be recommended as a suitable site for a geologic
repository.

7.3 (71)

Comment - 4 comments summarized

Several commenters questioned the location of the maximally exposed individual, indicating that there is no
rationale provided in the EIS for the location and that the location is not conservative. Other commenters suggested
the individual should be an age- and gender-weighted subsistence farmer located at the repository operations area
boundary.

One commenter noted that the definition of the maximally exposed individual in the EIS is not the same as the
reasonably maximally exposed individual used by the Environmental Protection Agency.

Response
Environmental Protection Agency rules (40 CFR Part 197) and Nuclear Regulatory Commission rules (10 CFR Part

63) specify protection of the reasonably maximally exposed individual as the standard of safety for the proposed
Yucca Mountain Repository.

DOE accepts the definition of the Reasonably Maximally Exposed Individual (RMEI) at 40 CFR 197.21, which
defines the individual as a hypothetical person who could meet the following criteria:

1. Has a diet and living style representative of the people who are now residing in the Town of Amargosa Valley,
Nevada. DOE must use the most accurate projections, which might be based upon surveys of the people
residing in the Town of Amargosa Valley, Nevada, to determine their current diets and living styles and use the
mean values in the assessments conducted for 40 CFR 197.20 and 197.25.

2. Drinks 2 liters (0.5 gallon) of water per day from wells drilled into the groundwater at the location where the
RMETI lives.

The location of the RMEI described in 40 CFR Part 197 would be where the predominant groundwater flowpath
crosses the southern boundary of the Nevada Test Site, which coincides with the southern boundary of the controlled
area as defined in the regulation. This point is approximately 18 kilometers (11 miles) from the proposed repository.
DOE has concluded that it is not necessary to analyze in the Final EIS a hypothetical individual at locations closer
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than approximately 18 kilometers (11 miles) to the repository because it is unreasonable to assume that anyone
would reside in this area, for these reasons:

¢ An individual would need to install and operate a water well in volcanic rock more than 360 meters (1,200 feet)
deep to reach the water table, at costs significantly (and likely prohibitively) above those that would be incurred
several kilometers farther south of the repository where the water tables lies less than 60 meters (200 feet)
beneath the surface through sand and gravel.

e Locations closer than 18 kilometers (11 miles) are within the controlled area defined in the Environmental
Protection Agency individual protection standard (40 CFR 197.20) for a Yucca Mountain Repository and,
therefore, not in the postclosure accessible environment defined by the Agency.

The updated analysis in the Final EIS estimates potential impacts to a member of the public reported for the location
prescribed in 40 CFR 197.21 [approximately 18 kilometers (11 miles) from the proposed repository]. As part of a
comprehensive presentation of impacts, this EIS is charged with providing groundwater impacts for two other
important downgradient locations. These are 30 kilometers (18 miles), where most of the current population in the
groundwater path is located, and 60 kilometers (37 miles) where the aquifer discharges to the surface (this location
is also known as Franklin Lake Playa). The doses for these other locations were assessed for an individual with the
same characteristics as the RMEI with the exception of the location. This analysis indicates that for the first 10,000
years there would be only very limited releases, attributable to a small number of early waste package failures (zero
to three, and possibly as many as five) due to waste package manufacturing defects, with very small radiological
consequences (see Table 5-6). For the first 10,000 years after repository closure, the mean peak annual individual
dose would be thousands of times less than the Environmental Protection Agency individual protection standard (40
CFR 197.20), which allows up to 15-millirem-per-year dose rates during the first 10,000 years. The peaks would be
even smaller at greater distances.

DOE has revised the definitions of the maximally exposed individual and RMEI in the Final EIS. Chapters 4, 6, and
7 now use the term “maximally exposed individual,” and Chapter 5 uses “individual” for distances other than 18
kilometers (11 miles). The “individual” is the same as the “reasonably maximally exposed individual” defined in
40 CFR Part 197 with the exception of the location.

7.3 (94)

Comment - 10 comments summarized

Several commenters cited or referred to a report by two DOE scientists at the Los Alamos National Laboratory,

Drs. Bowman and Venneri, which concluded that an explosive nuclear criticality was credible and suggested that the
impacts of such an event should be analyzed in the EIS. Commenters also suggested that these analyses should be
quantitative in nature and that all assumptions and results should be in the Final EIS. One commenter wanted to
know why impacts from an external criticality event could not be determined by experiment.

One commenter suggested that enhanced material migration resulting from natural (earthquake, volcanism) or
manmade (intrusion) external events could increase the likelihood of a criticality event. Other commenters were
concerned about the lack of any consensus among DOE’s own scientists on the subject. One commenter stated that
the Nuclear Regulatory Commission position is that DOE does not have sufficient data to support the conclusion
that criticality is not a significant issue.

One commenter noted that “there is no chance” of criticality accident, with the words in quotes taken from the Draft
EIS. Another commenter stated that regardless of the conclusion that an explosive criticality is not credible, the
DOE must show the impacts of such an event because it is considered credible by some critics of Yucca Mountain.

Response
To evaluate criticality safety, DOE analyzed a comprehensive collection of all features, events, and processes that

could conceivably affect the potential for criticality, including those postulated by Drs. Bowman and Venneri in
their report, Underground Autocatalytic Criticality from Plutonium and Other Fissile Materials (DIRS 152123-
Bowman and Venneri 1995), as well as those postulated to occur as a result of natural (earthquake, volcanism) or
manmade (intrusion) external events. In addition, DOE updated the analysis to consider the flexible design
repository and waste package designs.
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In performing the analysis, DOE used the most current information on the facility design and site properties, known
physical processes regarding nuclear criticality, and industry-accepted methods to evaluate nuclear criticality
scenarios. In addition, the Department believes there is adequate experimental data available from operating
commercial and research reactors as well as empirical data gathered from natural analogs (for example, the Oklo
natural reactors in Gabon, Africa) to predict the likely behavior of these systems without the need for conducting
additional criticality experiments.

These exhaustive, quantitative analyses demonstrate that nuclear criticality is not likely at the Yucca Mountain
Repository. While a highly unlikely criticality within a waste package could occur, it would result in an
inconsequential increase in heat load and radioactivity. It would not result in mechanical disruption of the
engineered systems. Criticalities outside a waste package were deemed not credible. Therefore, an explosive
nuclear criticality is not considered a reasonably foreseeable event. The Draft EIS references the source of the
information supporting the conclusions (DIRS 101779-DOE 1998) and the Final EIS references sources of
information supporting similar conclusions for the enhanced design (DIRS 153849-DOE 2001).

Information related to the criticality analyses performed for the Final EIS waste package designs has been provided
in Chapter 5 and Appendix I of the Final EIS. Because of space considerations, it would have been impractical to
include all the information from supporting documents. Therefore, the information is summarized with appropriate
reference citations. Supporting information including the scientific bases regarding nuclear criticality can be found
in the Science and Engineering Report (DIRS 153849-DOE 2001) and referenced supporting documents. DOE has
made information about these and more than 600 other Final EIS reference documents available to the public on the
Internet (Wwww.ymp.gov) and at reading rooms across the Nation (see Appendix D.)

DOE continues to provide the results of updated criticality analyses and other requested information to the Nuclear
Regulatory Commission as part of an ongoing technical exchange. This information exchange will continue as the
repository design evolves, and the Department expects to be able to address adequately any issues that might arise in
the future.

The comment noting that “there is no chance” of a criticality is taken out of context. The complete phrase from the
Draft EIS is “...there is no chance that a criticality would cause a mechanical disruption of the waste package and
engineered barrier system.” A reference is provided for that conclusion. The comment that DOE must show the
impacts of an explosive criticality event regardless of the probability of the event is incorrect. Consistent with
Council of Environmental Quality regulations (40 CFR 1502.22) for implementing the National Environmental
Policy Act, DOE analyzes reasonably foreseeable significant adverse impacts, including impacts which have
catastrophic consequences, even if their probability of occurrence is low, provided that the analysis is supported by
credible scientific evidence, is not based on pure conjecture, and is within the rule of reason. However, as explained
above, DOE has taken a hard look at this issue and has determined that an explosive nuclear criticality is not a
credible event (that is, not reasonably foreseeable). Thus, DOE believes that analysis of the impacts of such an
event is not required under the National Environmental Policy Act and would not provide useful information to
decisionmakers.

7.3 (110)

Comment - 6 comments summarized

Commenters questioned DOE’s reliance on computer modeling, in lieu of actual testing and use of real data, to
demonstrate the safety of a Yucca Mountain Repository. Several commenters pointed out that the Department does
not accept modeling as an accurate predictor of the behavior of nuclear weapons and questioned why such modeling
should be considered acceptable for the proposed repository.

Response
A much larger amount of nuclear weapons testing would have been necessary had there not been good models for

prediction of weapons effects. Modeling in support of weapons testing has been very highly developed. The
significant difference between modeling the behavior of nuclear weapons and a geologic repository is that it is
possible to test a weapon that operates over a period of fractions of a second with data gathering, interpretation, and
analysis over a few months. In the case of a geologic repository the test duration would be at least 10,000 years. In
the case of weapons, the testing provided a much higher degree of certainty in the results of modeling of weapons
effects.
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For the proposed repository, DOE does not have the option of a 10,000-year test and must accept some uncertainty
in predictions of long-term repository performance. DOE deals with this uncertainty in two ways. First, where it is
necessary to make assumptions, either due to uncertainty or to make mathematical modeling practicable, DOE
chooses conservative assumptions that tend to result in overestimates of impacts. Second, models are used to
simulate behavior statistically using large ranges of values for parameters about which there is uncertainty. In
addition, note that it is expected that the final decision to close the repository would not be made for at least 50 years
and possibly up to 300 years after final emplacement. The sophistication of modeling tools probably would have
advanced significantly during the intervening years and DOE would have obtained much more comprehensive data
on repository during construction, operation, and associated investigations and monitoring. Thus, the final decision
to close the repository would benefit from more analyses than are possible now.

The Federal Government, therefore, would maintain stewardship of the repository site for generations to come, if the
site is selected for a repository. These stewardship activities will entail site protection, confirmatory scientific work,
and a postclosure monitoring program, as required by Nuclear Regulatory Commission rules governing the disposal
of high-level radioactive waste in a geologic repository (10 CFR 63.51). The decision to close the repository (and
thus give up active control) would come after the approval of a license amendment supported by what will be new
and likely more advanced analyses utilizing future data and modeling tools.

7.3 (206)

Comment - 20 comments summarized

Commenters generally expressed concern about the repository site conditions and consequences to future
generations or societies. One commenter suggested that “both should be projected at least several thousand years
into the future.” Other commenters acknowledged that “predicting societal change over the long term was
impossible” but that there was still a need to assess the long-term socioeconomic and health impacts. Another
commenter suggested that the biosphere would change and, therefore, the human population and pathways of
potential importance would change over 10,000 years as the climate changed. There also was worry expressed over
the legacy left to future generations.

Commenters stated that nuclear waste would be with us for an extremely long time, and one commenter asked what
would happen if some future society had a change in language and could not read warnings we might post or no
longer retain the knowledge of radiation. Another commenter asked what would happen if a few hundred years
from now someone somehow “taps into” the repository. One commenter said that there would be no institutional
controls that last as long as the waste is toxic. Similarly, a concern was expressed that there would be no
accountability, the engineering errors of this time would not require an accounting because of failure until long after
the current generations are gone.

Several commenters expressed concern over long-term consequences. Commenters expressed concern over the
ability of the Federal Government to maintain support in terms of oversight and funding for the required number of
decades.

Response
As described in Chapter 1 of the EIS, Congress has determined through the passage of the Nuclear Waste Policy Act

of 1982 that the Federal Government has the responsibility to permanently dispose of spent nuclear fuel and high-
level radioactive waste to protect the public health and safety and the environment. The Act states that the Federal
Government needs to take precautions to ensure that these materials do not adversely affect this and future
generations. DOE believes that our elected representatives, having directed the Federal Government to embark on
this project, would continue to fund it adequately to protect the public’s health and welfare.

Given the current state of technology, it is virtually impossible to design and construct a geologic repository that
would provide a reasonable expectation that there would never be any releases of radioactive materials. DOE would
design, construct, operate and monitor, and eventually close a repository that would meet public health and safety
radiation protection standards and criteria established by the Environmental Protection Agency (EPA) and the
Nuclear Regulatory Commission (NRC). Congress, in the Energy Policy Act of 1992, directed the EPA to develop
public health and safety standards for the protection of the public from releases of radioactive materials stored or
disposed of in a repository at the Yucca Mountain site. Congress also directed the NRC to publish criteria for
licensing the repository that would be consistent with the radiation protection standards established by the EPA. In
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part, the EPA standards (40 CFR Part 197) and NRC criteria (10 CFR Part 63) prescribe radiation exposure limits
that the repository, based on a performance assessment, must be designed not to exceed during a 10,000-year period
after closure.

In the EIS, DOE has evaluated the ability of the natural and engineered barrier system to isolate radioactive
materials from the environment for thousands of years. As a result of this evaluation, DOE would not expect the
repository to exceed the prescribed radiation exposure limits during the 10,000-year period after closure. Further,
DOE estimates that the average peak dose to a hypothetical individual from the repository would be less than the
dose received from natural background radiation.

DOE recognizes, as one commenter noted, that predicting societal change over the long term is not credible. As a
consequence, the Department has structured conservative assumptions and scenarios taking into account the
regulatory guidance provided by the EPA and NRC, as well as other scientific authorities that have provided
reviews. These assumptions and scenarios attempt to reasonably accommodate the inherent uncertainties with
estimating long-term repository performance.

DOE confidence in the robustness of its analyses is enhanced by the safety margin and the defense-in-depth
provided by the multiple natural and engineered barriers at Yucca Mountain. Nevertheless, the EPA, NRC, and
DOE have all recognized that some uncertainty about repository performance would remain. As a consequence,
DOE has established performance, monitoring, and site stewardship programs that would accomplish multiple goals
related to DOE’s obligation to protect the public health and safety and the environment (DIRS 153849-DOE 2001).

After closure, DOE would be responsible for maintaining institutional control over the proposed repository, as
required by the Energy Policy Act of 1992. Neither the extent nor the length of this regulatory requirement is well
defined at present. However, DOE would maintain appropriate institutional control for as long as required (DIRS
153849-DOE 2001).

To maintain flexibility and an ability to respond to changing conditions and technologies, Section 122 of the NWPA
requires retrievability at a geologic repository. Federal regulations (10 CFR Part 63) require that the repository
design preserve the option of retrieval on a reasonable schedule for as long as 50 years after the start of waste
emplacement. Consistent with these requirements, the operational plan for the Yucca Mountain Repository allows
the flexibility to preserve options for modifying emplacement and retrieving waste. This design would maintain the
ability to retrieve emplaced materials for at least 100 years and possibly more than 300 years, in the event of a
decision to retrieve the waste either to protect the public health and safety or the environment, or to recover
resources from spent nuclear fuel. During this period, the repository would remain accessible for continued testing
and monitoring while providing flexibility to future generations, who would ultimately determine the timing and
methods of repository closure.

Once the repository was closed, DOE would implement a postclosure monitoring program pursuant to 10 CFR Part
63. This program would include monitoring activities around the repository after the facility was closed and sealed.
The program would include continued oversight to prevent any activity at the site that would pose an unreasonable
risk of breaching the repository’s geologic or engineered barriers or increasing the radiation beyond allowable
limits, as discussed in Section 2.1.2.3 of the EIS. The details of this program would be defined during the
processing of the license amendment for closure.

While DOE cannot speculate on future society’s ability to read today’s warnings or on its retention of knowledge
about nuclear materials, it would have an obligation to notify future potential intruders that the repository exists. As
a consequence, monuments designed and fabricated to be as permanent as practicable would identify the repository.
The monuments would allow intruders the option to make informed decisions regarding the use of the surface and
subsurface areas for habitation or other activities.

DOE has considered questions about human intrusion and acknowledged this as an important issue because the
future behaviors of humans cannot be predicted. The NRC and the EPA have specified the way to analyze human
intrusion in their respective regulations for Yucca Mountain. The regulations describe a stylized calculation that
attempts to address why humans would intrude into the proposed repository. DOE also incorporated the advice
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provided by the National Academy of Sciences, through a National Research Council report requested by Congress
on the Technical Bases for Yucca Mountain Standards (DIRS 100018-National Research Council 1995).

7.3 (208)

Comment - 11 comments summarized

Commenters cited a report issued by the Peer Review Panel (the Panel) that was, in the view of the commenters,
critical of the scientific work underlying the Total System Performance Assessment. The report was offered as an
indication that DOE cannot sufficiently assess the long-term performance of the repository because the assessment is
based upon approaches that are “fraught” with uncertainty and “flanked” by lack of data. For example, several
commenters cited the final report of the Panel, which states “...the panel finds that at the present time an assessment
of the future probable behavior of the proposed repository may be beyond the analytical capabilities of any scientific
and engineering team. This is due to the complexity of the system and the nature of the data that now exists or that
could be obtained within a reasonable time and at a reasonable cost.”

One commenter questioned the meaning of the term “reasonable assurance.” Another noted that DOE indicates in
Chapter 5 of the EIS general agreement with the Panel’s advice. However, the commenter wants to know what
DOE does not agree with and why.

Response
DOE welcomed the reviews and suggestions provided by the Peer Review Panel (DIRS 102726-Budnitz et al.

1999). The panel was formed to provide a formal, independent evaluation and critique of Total System Performance
Assessment carried out for the Viability Assessment (DIRS 101779-DOE 1998). The objectives of the panel are to
describe the technical strengths and weaknesses of the Total System Performance Assessment and to provide
suggestions for its improvement.

DOE acknowledges the difficulties associated with assessing the performance of the repository over the long periods
involved. Section 5.2.4 of the EIS discusses uncertainty in the assessment process. The Peer Review Panel
recognized the complexity of the system and nature of the data that now exist or that could be obtained within a
reasonable time and at a reasonable cost. The Panel’s concerns are provided within that context. The Panel also
noted that while serious questions remain as to the adequacy and acceptability of some portions of the analysis, parts
of the study were well done. In addition, the Panel noted that the overall performance assessment framework and
the approach used in developing the assessment were sound and followed accepted methods.

As presented in the Supplement to the Draft EIS and in the Final EIS, DOE modified its performance assessment in
several key areas in response to the Peer Review Panel’s critique. Two of the more notable examples are:

1. In the Draft EIS, DOE based cladding failure rates on expert judgment. The Final EIS based cladding failure
rates on experimental data.

2. The Panel expressed concern that a hot repository introduced too many uncertainties to model the reasonable
long-term performance of the repository, given the current state of knowledge. Major concerns are associated
with the ability to model complex coupled processes with the rock in a higher-temperature (above-boiling) state.
As a consequence, DOE evaluated a lower-temperature operating mode in the Final EIS. This lower-
temperature operating mode would result in lower repository operating temperatures over the long-term life of
the repository.

The assessments presented in the Draft EIS were not meant to be definitive predictions of probable repository
behavior as used in the Peer Review Report. Work continues to address the higher-priority issues identified in the
report and would continue if a decision was made to recommend the site. The purpose of the ongoing work is to
ensure that as future decisions need to be made, the basis for the performance calculations will be more and more
complete where possible and where important to demonstrate long-term performance.

In its review, the Peer Review Panel does not imply that implementing all their recommendations would result in the
ability to calculate probable behavior. The Panel’s position is that the recommendations could result in a
determination of “whether it can be shown with reasonable assurance that the repository will comply with the
applicable regulatory limits.”
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“Reasonable assurance” is the standard applied in the licensing of commercial nuclear facilities. DOE believes it
can perform projections of long-term behavior that are consistent with the regulatory goals of providing reasonable
expectation of compliance with dose-based standards.

With regard to the request for an accounting of what DOE did not agree with in the Peer Review Report, the
Department does not agree with the Panel’s position that “it is unlikely that the [Total System Performance
Assessment-Viability Assessment], taken as a whole, describes the long-term probable behavior of the proposed
repository (DIRS 102726-Budnitz et al. 1999). The DOE responses to the Peer Review Report are in CRWMS
M&O (DIRS 153111-1999).

7.3 (209)

Comment - 26 comments summarized

The term “isolation” was interpreted by many commenters to mean “absolute containment forever”. Based on this
interpretation, the commenters stated that the Proposed Action would not meet the criteria of “isolation.” One
commenter added that the concept of “disposal” is not possible because this would require the same idea of absolute
containment forever.

Response
The goal of geologic disposal is to concentrate and isolate spent nuclear fuel and high-level radioactive waste in a

relatively small area for a very long time. DOE intends to achieve isolation of the wastes in the proposed repository
by using a system of engineered barriers and by locating the repository in the geologic setting of Yucca Mountain.
However, it is always possible to conceive of circumstances (both manmade and natural) that, given the inherent
uncertainties associated with long-term projections, could result in the release of radioactive materials to the
accessible environment. It is also likely that eventual release of some material is inevitable because all systems will
degrade given sufficient time.

The Environmental Protection Agency standards (40 CFR Part 197) recognize that, with the current state of
technology, it is impossible to provide a reasonable expectation that there would be no releases over a 10,000-year
or longer time frame. Therefore, the Agency has established public health protection standards that the Agency
believes would protect human health and safety. These standards do not require complete isolation of the wastes
over the compliance period (that is, 10,000 years) or the period of geologic stability (1 million years). The goal of a
performance assessment for Yucca Mountain is to evaluate whether the repository would be likely to meet these
standards and thus provide protection of human safety and the environment.

7.3 (210)

Comment - 16 comments summarized

Many comments expressed concern about designing a system that would operate for 10,000 years and longer.
Commenters cited the short experience of engineering practices compared to these time frames, along with
comparisons between recorded history and the necessary period of performance. One commenter expressed concern
about the potential for early cask failures due to manufacturing defects.

Response
DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. The EIS

provides the Department’s best estimate of the impacts that could occur when the containment system inevitably
degraded. The EIS confirms that the Proposed Action would be likely to result in release of radioactive
contamination to the environment after repository closure. However, the EIS also shows that these releases under
the Proposed Action would not exceed environmental protection standards (40 CFR Part 197) within the 10,000-
year compliance period for the repository, standards specifically enacted to ensure the safety of future generations.

In addition to the 10,000-year compliance period, DOE has evaluated potential impacts for the period of geologic
stability at the repository (that is, 1 million years). This evaluation was performed consistent with 40 CFR Part 197
to gain insight into the long-term performance of the repository and thus provide information for the decisionmakers
in making both design and licensing decisions. These results show a mean peak dose rate that is much lower than
background levels (see Section 5.4.2 for details).
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With regard to the potential for manufacturing defects, as part of the waste package performance analysis DOE
conducted a comprehensive evaluation of fabrication processes that indicated that, for the current design and with a
strong quality assurance program, the Department anticipates a very small number of early failures. The DOE long-
term performance model represents the number of early package failures statistically as a probability distribution of
between zero and five failures. The results show releases during the first 10,000 years that are more than 100,000
times less than the 40 CFR Part 197 individual protection standard of 15 millirem per year. A strong quality
assurance program would ensure proper fabrication, stress relief, and testing of the waste packages before
emplacement.

7.3 (220)

Comment - 32 comments summarized

A number of comments reflected worry or fear over the potential for catastrophic repository failure from earth
motion and volcanism. Several commenters suggested the containers would be vulnerable to earthquake motion,
and especially to a penetrating volcanic dike. Among the concerns were: that damage could consist of ready access
to the waste, as well as accelerated waste package failures and releases to the water table and the environment; that
earthquake damage calculations in the Draft EIS did not include an uncertainty discussion or impacts on
downgradient springs; and whether any of the impact analyses would change with the new design that was forecast
in the Draft EIS. Potential impacts were said to be missing from a volcanic intrusion with an eruption, and the
potential impacts as far away as White Pine County were requested. The adequacy of the rockfall analysis was
questioned.

One commenter questioned the impact of a future generation not being able to predict earthquakes, while another
questioned the inability to provide a correct future response in case of a disaster. Two commenters questioned the
wisdom of siting a repository where there was even the remotest chance of a severe earthquake or a volcanic event.
One of those suggested there was a political consideration in the siting process that overruled what would have been
an obviously bad choice to an engineer.

Response
The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and

volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term

radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

One change in the Final EIS is that now there is an aerial pathway release from an eruptive scenario that is analyzed.
The dose rates for this scenario are reported in Section 5.7.2 and are well below the 40 CFR Part 197 individual
protection standard of 15 millirem per year.

For probabilistic analyses such as that performed to evaluate potential impacts from igneous disruption events in the
EIS, a Monte Carlo method was used whereby a number of realizations using different sets of input parameters are
added together to give the total probability-weighted dose. For the Final EIS, 5,000 realizations were completed and
the results are provided graphically in the Section 5.7.2. The results are presented as a group of curves that display
probability-weighted annual dose rates calculated using different sets of statistically sampled values for uncertain
input parameters in the model. The range of results shown by these individual curves displays the uncertainty in the
calculated dose history resulting from uncertainty in parameter values.

The dose history for the igneous activity scenario in Figure 5-7 of the Final EIS is presented as a probability-
weighted annual dose resulting from events occurring at uncertain times throughout the period of simulation. This
approach to calculating and displaying the probability-weighted annual doses is consistent with the approach
specified by 40 CFR Part 197 and is required for determination of the overall expected annual dose. However,
displays of the probability-weighted annual dose do not allow direct interpretation of the conditional annual dose,
which is the annual dose an individual would receive if a volcanic event occurred at a specified time. For
conditional analyses, the probability of the event is set equal to one, and the time of the event is specified.
Conditional results do not provide a meaningful estimate of the overall risk associated with igneous activity at
Yucca Mountain, but they provide insights into the magnitude of possible consequences for specific sets of
assumptions. A sensitivity calculation was performed to provide results for this conditional case, and conditional

CR7-104



| Main Index I |V0| 3 Index ||

Comment-Response Document

mean annual dose histories were calculated for eruptive events at 100, 500, 1,000, and 5,000 years. The conditional
mean dose in the first year after an eruptive event at 100 years after repository closure is approximately 13 rem. The
conditional dose in the first year after an eruption decreases to approximately one-half this level for an eruption

500 years after closure, and is approximately 10 percent of this value for an eruption 5,000 years after closure. This
calculation was made with a previous TSPA model that has some differences from the model used elsewhere in this
EIS for long-term performance. The differences that affect the analysis described above are that dose factors were
revised to conform to 40 CFR Part 197 and the distance analyzed is 18 kilometers (11 miles) rather than

20 kilometers (12 miles) from the repository. These changes would be expected to increase the dose values at

100 years and 500 years by a factor of between 2 and 3. The results at the later times would increase by about

20 percent.

As discussed in Section 5.2.3.5 of the Draft EIS, the major effect of an earthquake at Yucca Mountain would be
ground motion (shaking) rather than direct offset along a fault. The Disruptive Events Process Model Report (DIRS
151968-CRWMS M&O 2000) discusses the effect of offset along a fault. Past movement has been along existing
faults, and the probability of new faults forming is low. DOE would not emplace waste packages near existing
faults, so the probability of shearing a waste package would be very low.

The rockfall analysis discussed in the Waste Package Degradation Process Model Report (DIRS 138396-CRWMS
M&O 2000) that supports the Total System Performance Assessment (DIRS 151968-CRWMS M&O 2000) and the
Final EIS is much more detailed than that in the Draft EIS. DOE based the analysis of the probability of rocks of
various sizes falling and damaging waste packages on the rock properties in the repository. Analyses of this new
design (DIRS 114171-CRWMS M&O 1999), which includes a drip shield, show that the waste package could
withstand the largest potential rockfall. Adding strong drip shields above the waste packages provides a very robust
design that would be able to withstand any credible rockfall. Therefore, the effects of rockfall are not part of the
Total System Performance Assessment calculations for the Final EIS.

The analysis for the million-year period extended the screening of seismic damage to waste packages throughout
that time. This was an analytical assumption based on using the best data and models available for the Final EIS.
No quantitative analysis was performed to determine when a waste package might degrade to the point where it
could be damaged by a seismic event. However, it is reasonable to expect that peak dose estimates would likely
have been higher (by an unknown amount) if the analysis accounted for potential seismic damage of degraded waste
packages hundreds of thousands of years in the future.

Computer technology is being used to assess the impacts on the environment and human population that would
result from seismic and volcanic activity, but not to predict the occurrence and magnitude of these natural events.
Computer simulation allows the integration of scientific knowledge about earthquakes and volcanism frequencies,
and their effects, together with repository design and other data to predict what damage could result from volcanic
events. These are the type of results reported in the Final EIS.

Seismic occurrences around Goldfield, Nevada, are similar to those expected for much of the Yucca Mountain
setting and earthquakes of the general magnitude and frequency experienced in the Goldfield vicinity are a part of
what analysts have termed the “expected case” for Yucca Mountain for purposes of calculating long-term
performance assessment for the proposed repository at Yucca Mountain. The 10,000-year results in the Final EIS
were obtained using models that were updated with this new information.

DOE has evaluated the long-term geologic stability of Yucca Mountain, including the potential for volcanoes.
Volcanic activity has been waning in the recent geologic past; the probability of a volcano that could disturb the
repository is very low (see EIS Section 3.1.3.1). Nevertheless, DOE presents an analysis of the effects of both a
volcanic eruption, which could release volcanic ash and entrained wastes into the atmosphere, and the intrusion of
magma into the emplacement drifts, which could damage waste packages and contaminate the underlying aquifer.
DOE estimated potential impacts on the nearest population to the south, conservatively assuming wind in that
direction. Impacts in White Pine County would be a small fraction of nearby impacts such as those calculated.
Sensitivity studies for the Total System Performance Assessment suggest that the probability-adjusted dose from a
volcanic, eruptive event at 20 kilometers (12 miles) in the direction of wind transport of an ash plume peaks at a few
hundredth of a millirem per year. Therefore, given that White Pine County is considerably farther from the source,
doses would be much lower than the very small doses calculated at 20 kilometers.
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DOE’s analyses also continue to include water pathways in its analyses of health risks of the proposed repository.
The people of Amargosa Valley are most at risk because groundwater in the saturated zone beneath Yucca Mountain
flows in a generally southerly direction. They use water acquired primarily from local wells for household purposes,
agriculture, dairy and catfish farms, horticulture, and animal husbandry.

With respect to comments regarding potential impacts on Death Valley, the DOE acknowledges in Chapter 3 of the
EIS that a small amount of groundwater may move beyond the primary groundwater discharge point at Alkali Flat
(Franklin Lake Playa) and continue toward Death Valley through the areas of Tecopa and Shoshone. Some of the
groundwater in the Amargosa Desert might move through the southeastern end of the Funeral Mountains toward
springs in the Furnace Creek area of Death Valley. However, even if this were the case, any impacts on the Furnace
Creek area would be even less than the low impacts shown in Chapter 5 of the EIS for the discharge location
(Franklin Lake Playa) because the impacts would decline with distance from the repository.

7.3 (221)

Comment - 5 comments summarized

Commenters were dissatisfied that only nine “dominant” radionuclides (carbon-14, selenium-79, technetium-99,
iodine-129, protactinium-231, uranium-234, neptunium-237, and plutonium-239 and -242) were selected for the
detailed analysis of repository performance. Commenters requested revisions to provide specific information on
why a number of long half-lived radionuclides present in the wastes were excluded from the evaluation. The
commenters questioned the method used to account for ingrowth of decay products. One commenter also
questioned if classified radionuclides had been included in the analysis.

Response
DOE agrees with the concerns raised in these comments. As a consequence, DOE has reevaluated and enhanced the

radionuclide screening analysis and inventory abstraction for the analysis of long-term performance for the Final
EIS. It should be noted that information provided in the Final EIS is summary in nature because of space
limitations. However, the reference documents cited in Final EIS Chapter 5 and Appendix I provide the detailed
information necessary to trace important information and to independently verify the results.

The radionuclide screening analyses now encompass the nominal release scenario, disruptive event and human
intrusion scenarios, and time periods of 100 to 10,000 years and 1 million years after repository closure. The
radionuclide inventory abstraction includes commercial, defense, and naval spent nuclear fuel; defense high-level
radioactive waste; and DOE plutonium waste (DIRS 152218-CRWMS M&O 2000). The screening procedure
considered factors such as relative contribution to annual dose, radionuclide longevity (that is, decay and
production), elemental solubility, transport affinity, release scenario, and containment time (for example,

10,000 years and 1 million years). This screening procedure produced an initial list of radionuclides that was then
augmented to account for ingrowth of the actinide decay chains (DIRS 153246-CRWMS M&O 2000). The
combined list of radionuclides for the three waste allocation categories was screened to identify the specific ones
that could make significant contributions to the calculation of expected annual dose. The results of the radionuclide
screening identified the following important radionuclides for various scenarios and time periods:

e Nominal Scenario (and Indirect Release for Volcanism Scenario), 10,000 Years—actinium-227; americium-241
and -243; carbon-14, iodine-129; neptunium-237; protactinium-231; lead-210; plutonium-238, -239, and -240;
radium-228; technetium-99; thorium-229 and -232; and uranium-232, -233, -234, -235, -236, and -238.

e Nominal Scenario (and Indirect Release for Volcanism Scenario), 1,000,000 Years—The nominal scenario set
for 10,000 years, plutonium-242, radium-226, and thorium-230, less americium-241, carbon-14, plutonium-238,
and uranium-232.

e  Volcanism Scenario with Direct Release, 10,000 Years—actinium-227; americium-241 and -243; cesium-137,
protactinium-231; lead-210; plutonium-238, -239, and -240; radium-232; strontium-90; thorium-229, and
uranium-232, -233, -234, and -235.
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e  Volcanism Scenario with Direct Release, 1 Million Years—Volcanism scenario with direct release for 10,000
years, plus neptunium-237, plutonium-242, radium-226, thorium-230, uranium-236 and -238, less americium-
241, carbon-14, plutonium-238, strontium-90, and uranium-232.

e Human Intrusion Scenario, 1 Million Years—Same as nominal scenario for 1 million years.

DOE agrees that the discussion in Section 5.1 of the Draft EIS related to allowance for ingrowth is somewhat
confusing. However, the updated analysis in the Final EIS does not require the predecay of relatively short-lived
radionuclides because the analysis includes a transport model for chains of radionuclides (that is, parents and their
decay products). This enhanced model therefore accounts for release estimates of short-lived radionuclides in the
event of early waste package failure from possible disruptive events such as inadvertent human intrusion.

With regard to the human intrusion scenario, for periods of 1 million years, uranium-235 was added to the list
because it is a source for actinium-227, which was considered potentially important to dose. In addition, certain
radionuclides were added because of their relevance to the groundwater protection standard (40 CFR Part 197).
This standard specifies concentration limits for radium-226 and radium-228. As a consequence, radium-228 and its
precursor, thorium-232, were added to the list for the case of the nominal scenario. These adjustments expanded the
list to a total of 26 radionuclides.

With regard to classified radionuclides/materials in Yucca Mountain, Appendix A provides an inventory of all
candidate materials and radionuclides for disposal in the repository. All waste accepted for disposal would be
required to meet the repository waste acceptance criteria as well as the packaging requirements regardless of the
classification of the materials. These waste form, radionuclide quantity, and packaging requirements were
developed to enhance the long-term performance of the repository.

7.3 222)

Comment - 15 comments summarized

Commenters stated that DOE is designing the repository to leak, and charged that the Department is relying on the
natural environment to dilute the contamination. Commenters took the position that DOE could not stop the
repository from leaking, citing past failures and leaks at DOE and commercial facilities. Some commenters were
concerned that DOE is underestimating the rate at which leaks would occur.

Response
The repository performance assessment does not begin with the assumption the repository will leak. Rather, the

assessment assigns probability-of-occurrence values (referred to as probability distributions) to various parameter
and process features that include consideration of the uncertainty associated with that parameter or process. When
multiple simulations of repository performance (realizations) are computed, the results indicate which of the various
outcomes are more likely to occur (mean values). However, in addition to the most likely outcome, the distributions
also show extreme cases referred to as the 5th- and 95th-percentile values, which provide a measure of the
uncertainty associated with a particular outcome. In response to the observation that the analysis appears to assume,
a priori, that the repository will leak, it should be noted that, although not likely, there were a number of realizations
(outcomes of computer models) that produced no leakage for extremely long times. In the new analyses for the
Final EIS, the releases in the first 10,000 years would be extremely small [more than 100,000 times less than the
standard set by the Environmental Protection Agency (EPA)] and would be due to the very unlikely event of
between zero and five packages failing due to manufacturing defects.

The goal of geologic disposal is to concentrate and isolate high-level radioactive wastes in a relatively small area for
a very long time. The Department intends to achieve isolation of the wastes in the proposed repository by using a
system of engineered barriers and by locating the repository in the geologic setting of Yucca Mountain. However, it
is always possible to conceive of circumstances (both manmade and natural) that, given the inherent uncertainties
associated with long-term projections, could result in the release of radioactive materials to the accessible
environment. In other words, the eventual release of some material is inevitable because all systems will degrade
given sufficient time.

Given the current state of technology, it is virtually impossible to design and construct a geologic repository that
would provide a reasonable expectation that there would never be any releases of radioactive materials. DOE would
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design, construct, operate and monitor, and eventually close a repository that would meet public health and safety
radiation protection standards and criteria established by the EPA and the Nuclear Regulatory Commission (NRC).
Congress, in the Energy Policy Act of 1992, directed the EPA to develop public health and safety standards for the
protection of the public from releases of radioactive materials stored or disposed of in a repository at the Yucca
Mountain site. Congress also directed the NRC to publish criteria for licensing the repository that would be
consistent with the radiation protection standards established by the EPA. EPA standards (40 CFR Part 197) and
NRC criteria (10 CFR Part 63) prescribe radiation exposure limits that the repository, based on a performance
assessment, must be designed not to exceed during a 10,000-year period after closure.

In the EIS, DOE has evaluated the ability of the natural and engineered barrier system to isolate radioactive
materials from the environment for thousands of years. As a result of this evaluation, DOE would not expect the
repository to exceed the prescribed radiation exposure limits during the 10,000-year period after closure. Further,
DOE estimates that the average peak dose to a hypothetical individual from the repository would be less than the
dose received from natural background radiation.

In terms of contamination at other DOE sites, the Yucca Mountain Repository would be different from other
facilities in several important aspects. The system under consideration would allow relatively little water to contact
the barriers to waste migration and the materials selected for those barriers would be highly immune to degradation
in the anticipated subsurface environment.

DOE believes that it has incorporated much knowledge and data from incidents at other DOE sites into the Yucca

Mountain design and performance assessment. To ensure safety, DOE has used conservative (that is, pessimistic)

calculations of the potential impacts of this system to estimate the risks of the repository. There has been no effort
to minimize these risks.

In addition, in the last 5 years there has been considerable study by DOE, with coordination across locales and
programs, of the poorly predicted or unpredicted radionuclide transport phenomena alluded to at other Department
facilities. As a result, DOE now has a better understanding of transport processes and has improved its modeling
ability. For example, DOE better understands the potential transport of actinides by colloid-sized mineral particles,
and has incorporated conservative estimates of such actinide transport mechanisms into the modeling of the
proposed Yucca Mountain Repository reported in this EIS (see Chapter 5).

7.3 (232)

Comment - 7 comments summarized

Several comments suggested that climate change should be incorporated into the long-term performance analysis.
Several others acknowledged that climate change had been addressed, but not in sufficient detail to allow impacts
from climate change to be properly evaluated. Commenters suggested, for example, that the increased flux in the
unsaturated zone had not been properly incorporated; another suggested that extreme precipitation events had not
been properly evaluated.

Response
The Draft EIS included an evaluation of climate change and its effects on long-term performance. These effects

included increased infiltration, increased flux at depth, increased radioactive material transport at depth after waste
package failure, and a shortened path to the water table because of changes in water table elevation.

The Draft EIS performance assessment considered three climate scenarios: present day, long-term average (wetter
than the present-day climate), and superpluvial (Draft EIS Section 1.4.2.4). These climate scenarios were assumed
to occur at short-duration, fixed intervals on a periodic basis during the 1,000,000-year period after waste
emplacement. However, the modeling of climate states was changed for the Final EIS based on the latest research
of the U.S. Geological Survey and the Desert Research Institute. As a consequence of this work, pluvial states were
expanded to allow short-duration states within them resembling the previously modeled superpluvial states.
Superpluvial states are no longer included as separate states based on the results of this continued research.

Models of future climates caused by global warming from increased atmospheric carbon dioxide are speculative,
though they are supported by some global climate modeling and the general increase in global temperature noted in
the 20th Century. At Yucca Mountain the estimated effect of global warming would increase average precipitation
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to a level similar to the long-term average climate of the Draft EIS, which resembles the glacial-transition climate in
the Final EIS. This estimate, which is based on atmospheric model input, resembles near-continuous El Nifio
conditions and the near doubling of the precipitation that accompanies these conditions. In other words, DOE
considers global warming impacts on future climates to be within the bounds of predicted climate ranges used in the
assessment of long-term performance. Chapter 5 of the Final EIS incorporates such climate impacts in the estimates
of the environmental consequences of long-term repository performance. These impacts include the effects of
global warming and future climate change in general.

Extreme precipitation events were mentioned in Section 3.1.2.2, but do not greatly influence the infiltration rates
discussed and used for modeling purposes in Chapter 5 and Appendix I. This is because the subsurface tends to
“damp” the extreme events (particularly in the Paintbrush nonwelded stratigraphic unit) to produce a nearly uniform
infiltration rate with time at depth. If anything, extreme precipitation events are more closely associated with
surface runoff events. Locality-based infiltration rates were used (not whole-mountain averages) to derive
infiltration rates for repository zones modeled in the performance analysis. The approach to discretizing the
repository (dividing it into discrete zones) for performance analysis calculations, and the areal infiltration rate
applicable to each modeled zone, has been updated for the calculation results reported in the Final EIS (Section 5.4).

7.3 (238)

Comment - 2 comments summarized

Commenters stated, “The analysis is very detailed discussing the latent cancer fatalities with respect to a chosen
scenario. For the undisturbed case DOE states °...that it is mostly likely that no person would die due to
groundwater contamination by radiological material in the 10,000 year period....”” Commenters requested “the
worst case scenario using a pregnant woman and young children to establish the dose rate, and don’t use the new
dose rate that you guys are trying to put into the record. Use the EPA rate.”

Response
The EIS does not present a worst-case scenario for dose-to-receptor analysis and calculations because no matter

what worst-case choice was presented, it would be always possible for someone to develop a worse scenario. This is
consistent with the Council on Environmental Quality regulations that implement the National Environmental Policy
Act. These regulations do not require a worst-case analysis. In addition, problems related to worst-case analyses
were recognized as a potential issue by the Environmental Protection Agency (EPA), which settled the issue by
prescribing a biosphere modeling approach and identifying the potential dose recipients to be evaluated in the
analyses as part of the Yucca Mountain environmental protection standards (40 CFR Part 197).

With regard to estimating dose to special groups within the general population (for example, children, pregnant
women, and the fetus), the Department recognizes that metabolic weighting factors (such as those described in ICRP
(DIRS 101836-1991) are constantly under study and refinement. This research will continue. For this reason, DOE
has decided to use the methodology specified by the regulatory standards for the Yucca Mountain Repository
promulgated by the EPA (40 CFR Part 197) and the Nuclear Regulatory Commission (10 CFR Part 63). This
method of dosimetry is fully described in ICRP (DIRS 101075-1977) and the dose conversion factors derived from
this methodology and used in the EIS are provided in Federal Guidance Reports 11 and 12 (DIRS 101069-
Eckerman, Wolbarst and Richardson 1988 and DIRS 107684-Eckerman and Ryman 1993, respectively). In
addition, the EIS has incorporated the reasonably maximally exposed individual concept described in the preamble
to 40 CFR Part 197 to project potential doses for long periods.

DOE will continue to monitor the future developments in the field of dosimetry and will refine its dose factors as
necessary to ensure capture of generally accepted scientific principles, recommendations by national and
international scientific advisory groups and, where appropriate, regulatory requirements.

With regard to use of the recently published EPA age-specific risk factor of 5.75 chances in 10 million per millirem
for fatal cancer (DIRS 153733-EPA 2000), DOE currently uses the value of 5.0 and 4.0 chances in 10 million per
millirem for fatal cancer for members of the public and workers, respectively, as recommended by the International
Commission on Radiological Protection (DIRS 101836-ICRP 1991). When recommending these risk factors, the
International Commission on Radiological Protection also expressed the desirability, for purposes of radiation
protection, to use the same nominal risk factors for both men and women and for a representative population with
wide ranges in age. The Commission stated that although there are differences between the sexes and populations of
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different age-specific mortality rates, these differences are not so large as to necessitate the use of different nominal
risk factors. However, the higher risk factor for members of the public compared to that recommended for workers
accounts for the fact that children comprise a relatively large part of the population and are more sensitive to the
effects of radiation (cancer induction) than adults. Although the embryo-fetus is more radiosensitive (with a
radiation risk factor about two times that for the whole population) it is protected by the body of the mother and
comprises a small part of the overall population. Pregnant women are not particularly radiosensitive, especially to
low levels of radiation.

Both the EPA and DOE recognize that there are large uncertainties associated with these risk factors, as expressed
by the National Council on Radiation Protection and Measurements comment on the result of their uncertainty
analysis in the risk coefficients that ... show a range (90 percent confidence intervals) of uncertainty values for the
lifetime risk for both a population of all ages and an adult worker population from about a factor of 2.5 to 3 below
and above the 50th percentile value” (DIRS 101884-NCRP 1997). DOE believes that the 15-percent difference in
these risk factors is well within other uncertainties and would provide little additional information to the
decisionmaking process that this document informs. In the Final EIS, DOE used risk factors recommended by the
International Commission on Radiological Protection.

7.3 (239)

Comment - 13 comments summarized

Several commenters expressed concern that there was undue reliance on the integrity of the waste form to contain
radioactive materials. Comments focused on the issue of whether the cladding on spent nuclear fuel would provide
any containment and whether any credit should be taken for cladding containment in the long-term performance
assessment. Commenters expressed concern that the high-level radioactive waste glass form would not maintain
integrity over long periods and skepticism that the current models being used for neptunium solubility were
appropriate for assessment of release of neptunium-237 from the waste forms. Commenters expressed concern
about degradation of storage casks and waste forms while they are in dry storage.

Response
DOE has conducted considerable research on the various waste form materials. This information has been used to

develop models of how these materials would perform over long periods in the repository environment. For
example, models of commercial spent nuclear fuel dissolution are based on experimental tests where actual reactor
fuel has been used. The models for borosilicate glass and the plutonium ceramic are also based on extensive testing.
Dissolution and degradation models for borosilicate glass have been under development for over 25 years, and there
has been extensive testing of plutonium ceramic degradation for several years to support the Yucca Mountain
Project. While all these waste forms eventually degrade and dissolve, the process is extremely slow, being
characteristic of reactions of water on glass and ceramic materials where time scales are in the hundreds of
thousands of years (DIRS 153246-CRWMS M&O 2000, Section 3.5.3).

The dissolution models used in the Total System Performance Assessment are described in the Final EIS. Details
about these models are contained in supporting documents referenced in Section 1.2.5.

Since the publication of the Draft EIS, research has continued on solubility of neptunium, with considerable focus
on formation of secondary phases. Recent data, incorporated in the analysis presented in Chapter 5 of the Final EIS,
show that the lower solubility results in considerably lower peak doses than found in the analysis in the Draft EIS.

The updated zirconium alloy cladding failure models used for the Final EIS analyses include representations of
cladding behavior that are extremely conservative, which resulted in highly conservative values of failure rates
(DIRS 153246-CRWMS M&O 2000, Section 3.5.4). In addition, no barrier credit was taken for either stainless-
steel packaging or cladding, or cladding on DOE spent nuclear fuel.

The cladding degradation model used for the Final EIS is much more rigorous than that for the Draft EIS. The
model is based on empirical data and includes localized corrosion and unzipping effects. This model results in
greatly reduced reliance on cladding than was the case for the Draft EIS (see Section 1.2.5). The Final EIS analysis
also includes seismic effects on the cladding, so the occurrence of seismic activity was modeled as damaging the
cladding within the waste packages. Nevertheless, the peak doses in the Final EIS would be lower than those in the
Draft EIS.

CR7-110



| Main Index I |V0| 3 Index ||

Comment-Response Document

7.3 (252)

Comment - 7 comments summarized

Some commenters expressed concern that microbes could conceivably contribute significantly to degradation of
materials, especially in waste packages or drip shields.

Response
Microbes would not directly attack the materials; rather they would be responsible for biofilms (layers of dead

organisms and waste products) that would alter the chemistry on the surface of the material. The modeling of
corrosion of the Alloy-22 includes enhancement factors for microbial-induced corrosion. Very conservative values
are used to account for this possibility, even though research to date has not identified significant effects of biofilms
on the material. The research indicates no tendency for the titanium drip shields to be affected in any way by such
films, so no enhancement factors were used (DIRS 153246-CRWMS M&O 2000). This is also discussed in
Section 1.2.4 of the EIS and referenced supporting documents.

7.3 (253)

Comment - 7 comments summarized

Commenters expressed concern that deficiencies found in the DOE quality assurance program and the large number
of errors identified by the Nuclear Regulatory Commission cast significant doubt on the validity of the TSPA-SR
long-term performance estimates. Several commenters suggested that the deficiencies were so great that the
Supplement to the Draft EIS and the Science and Engineering Report should be withdrawn and resubmitted pending
resolution of all the quality assurance findings and the calculational errors.

Response
DOE has an ongoing program to address Nuclear Regulatory Commission (NRC) comments on technical issues,

largely as they have been translated into its comprehensive listing of scientific modeling issues in the Commission’s
Issue Resolution Status Reports (see, for example, DIRS 135160-Bell 1996; DIRS 154605-NRC 2000). Not all
technical issues raised by the NRC are closed, but DOE has made and will continue to make a good faith effort to
address each issue to the extent practicable. As reported in the Final EIS, DOE has made a number of modifications
to the design of the repository and to the Total System Performance Assessment that address NRC concerns. As of
September 1, 2001, the Key Technical Issues had all been declared “Closed-Pending” by the NRC.

DOE has made a similar best effort to address the status of model validation and quality assurance findings. The
Department recognizes that it needs to apply a rigorous and effective quality assurance program, and that doing so
will be crucial to demonstrating the validity of findings and analyses in any License Application. In response to
previous NRC comments in this area, the Department has established a schedule for achieving quality assurance
goals by the time of the License Application, if Yucca Mountain is found suitable and approved for development of
a repository. DOE has met interim quality assurance goals for the Site Recommendation phase.

DOE has taken action to correct the deficiencies and ensure that similar deficiencies do not recur. On September 6,
2001, DOE provided transition plans for the respective quality assurance programs that would support becoming a
licensee. Implementation of these transition plans is periodically reviewed by the NRC.

DOE has also evaluated the effects of the identified deficiencies on the performance analysis performed and
determined that they did not affect long term performance estimates.

7.3 (256)

Comment - 9 comments summarized

Commenters expressed concern that the human intrusion scenario was inadequate, unrealistic, or too constrained and
that additional effects such as atmospheric release and direct exposure of the drilling crew should have been
considered. Commenters were not satisfied with only one occurrence or with the assumed timing of the occurrence
and also suggested the scenario evaluated in the EIS was inadequate because it relied on the integrity of waste
packages and the continuing use of current drilling technology. Commenters stated that the risk would increase over
time, because peak doses increase over time. Commenters also expressed concern with the possibility of sabotage or
terrorism over the next 10,000 years. Commenters suggested that the human intrusion scenario should factor in the
potential presence of mineral deposits and other natural resources as well as the potential for people to explore for
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these resources in the future. Commenters expressed concern related to the statement by the State of Nevada that
“drilling could occur not long after closure of the repository.”

Response
The estimation of impacts from human intrusion into the repository is an analytical issue because the future behavior

of humans cannot be accurately predicted. The Nuclear Regulatory Commission and Environmental Protection
Agency have provided guidance to analyze human intrusion in their regulations for Yucca Mountain. The
regulations describe a stylized calculation that attempts to minimize speculation as to why humans would intrude
into the repository.

In formulating the regulatory approach to the human intrusion scenario, the Environmental Protection Agency and
Nuclear Regulatory Commission paid attention to the advice given by Technical Bases for Yucca Mountain
Standards (DIRS 100018-National Research Council 1995). That report suggests there are three types of intrusions:
inadvertent and the intruder does not recognize that a hazard has been created, inadvertent and the driller recognizes
the hazard and takes corrective action, and intentional (DIRS 100018-National Research Council 1995). The last
category would include terrorists or saboteurs, but it could also include a society needing to access the material for
its energy content. The members of the National Research Council committee decided to recommend that only the
first category be addressed, because the second category, if corrective measures are ineffective, would have the same
consequences as the first. The third category was an imponderable given the unpredictability of future human
society. There is no way to absolutely ensure that if a future society wished to re-enter a repository, it would not be
able to do so.

The members of the committee then assessed the types of consequences from the first category of intrusion. There
would be drill cuttings brought to the surface, and these would present a hazard to the drillers and subsequent
visitors to the site. It was suggested these types of consequences not be considered because they are the
consequences of an intrusion that would apply no matter where the repository was located and, therefore, would not
provide useful information about the safety of any particular location. The consequence recommended for
evaluation was the dose to the same critical population group addressed in the long-term performance of the
undisturbed repository. Therefore, the important thing is how the intrusion event affects safety by potentially
degrading the engineered and natural barriers in a given location.

With regard to evaluating multiple intrusion events, the National Research Council (DIRS 100018-1995) concluded
that one borehole was a good test of system resiliency, and going further was so speculative that it served no purpose
useful in judging the robustness of a system. The Council also recommended the assumption of the use of current
drilling technology to avoid speculation over future advances in drilling technology. The emphasis was
recommended to be on the analysis of the creation of enhanced environmental transport pathways.

These conclusions and recommendations have been endorsed by the Environmental Protection Agency

(40 CFR 197.26). DOE recognizes the efforts made by the National Research Council and agrees with the
conclusions to which they came. The Department also recognizes that there are other viewpoints and opinions of
merit, but agrees with the National Research Council and the Environmental Protection Agency that the amount of
speculation required to implement other approaches to defining human intrusion consequences would make the
results of such analyses arguably meaningless.

For the Draft EIS, the intrusion event was assumed to occur 10,000 years after closure of the repository. This time
was chosen because it is the earliest time that waste packages (under the Draft EIS design) would have probably
degraded to the extent necessary to allow penetration without the use of specialized drill bits. However, for the
analysis presented in the Final EIS, DOE chose intrusion at 30,000 years to simulate an intrusion at a time when the
intruder might not detect the waste package because of its weakened state. Over time, as more waste packages
failed (and potential doses rose toward a peak dose from the overall system), intrusion would become less, not more,
meaningful. This is because the more waste packages have failed, the less the additional waste package failure from
drilling would contribute to the overall risk.

Section 5.7.1 of the Final EIS discusses the human intrusion scenario analysis and results.
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As discussed in Section 3.1.3.4 of the EIS, site characterization activities have found no economic deposits of base
or precious metals, industrial rocks or minerals, or energy resources based on present use, extraction technology, and
economic value. The operating gold and silver mines visible from the mountain are in a different type of rock than
Yucca Mountain. Those rocks formed deep in the Earth, and uplift has exposed them. Yucca Mountain was formed
by ash flow and ash fall from volcanic events. Thus, DOE believes that the potential for intrusion resulting from
resource recovery would be minimal.

7.3 (491)
Comment - EIS000120 / 0005
The fact that any groundwater at all comes in contact with these containers to me is not acceptable.

Response
One of the key attributes of the Yucca Mountain repository safety strategy is minimizing the amount of water that

contacts the waste packages. However, this does not imply precluding such contact. The waste packages would be
fabricated with a highly corrosion-resistant barrier that would result in very long waste package lifetimes even in the
presence of water. In addition, DOE has modified the repository design to include a titanium drip shield with the
purpose of diverting any seeping water away from the waste packages. Analyses conducted in support of the Site
Recommendation process and the Final EIS include these drip shields. Such analyses also assess the effects of any
water contacting the wastes in the evaluation of risk to the public and the demonstration of safety in accordance with
regulatory requirements. The Final EIS documents the revised repository design and the long-term performance
assessment analyses based on this design.

7.3 (600)

Comment - EIS000127 /0017

When they do their comparisons here, they got a nice little pretty map here comparing the two no action scenarios,
the one that assumes that for the 10,000 years, we’re going to keep rebuilding this thing every hundred years, as
least, effective institutional control for 10,000 years, and the another one that assumes that we’ll lose that control in
about a hundred years.

What they don’t talk about is as soon as they put those things in the mountain and close the hole, they’ve lost
institutional control. They have no way to deal with it if it’s leaking, and yet that’s not considered in the
Environmental Impact Statement.

Response
The scientific community has long recognized that absolute confinement forever is not practical in any system.

What is practical is to work to standards that can be agreed upon as providing sufficient protection of human health
and the environment. The Environmental Protection Agency has set such standards (40 CFR Part 197), and the
Nuclear Regulatory Commission is guiding the planning and development of the proposed repository (10 CFR
Part 63).

DOE’s plan for the repository includes the ability to retrieve the waste for 50 to 300 years after the start of
emplacement. Part of the reason for this feature is to ensure the public health and safety and the protection of the
environment should the proposed repository not perform as expected. Throughout the licensing, construction,
operation, and maintenance of the repository, DOE would conduct performance confirmation activities to evaluate
the adequacy of the information used to demonstrate compliance that the repository would meet long-term
performance objectives. If the data determined that actual conditions differed from those predicted, the NRC would
be notified and remedial measures would be undertaken to address any such condition. Nuclear Regulatory
Commission regulations [10 CFR 63.51 (a)(1) and (2)] require a license amendment for permanent closure of the
repository. This amendment must specifically provide an update of the assessment for the repository’s performance
for the period after permanent closure, which would include institutional control.

After closure, DOE would have the responsibility of maintaining institutional control over the repository, as required
by the Energy Policy Act of 1992. The methods, extent, and length of this regulatory requirement are not well
defined at present. However, DOE would maintain appropriate institutional control for as long as required. DOE
and NRC would define the details of this program during the processing of the license amendment for permanent
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closure. Deferring a description of this program until closure would allow for the identification of appropriate
technology, including technology that might become available in the future.

7.3 951)

Comment - EIS000259 / 0003

On a related topic, we are concerned that all the design alternatives considered in the EIS lead, ultimately, to a
repository that leaks. DOE must have as its goal complete and permanent isolation of radioactive material from
humans. In our estimation, the only way to meet this goal is to have a permanently open and thoroughly monitored
facility.

Backfilling and closing the repository complicates close monitoring of the waste packages for structural integrity
and increases the difficulty and cost of retrieving the waste should a radioactive release occur or new findings and
technologies emerge which provide for safer forms of storage or reuse of the nuclear material.

With a closed repository, groundwater contamination will not be noticed until radioactive material shows up in
monitoring wells, by which time a contaminant plume is probably already well developed and beyond mitigation.

Leaving the repository open and ventilated also has the potential to drive out heat and moisture which would
otherwise build up in the facility, possibly slowing or eliminating movement of water through the facility into the
groundwater. The EIS should include, as a mitigation measure, a commitment to leave the repository open and
ventilated indefinitely, with the decision to close the facility left up to future generations.

In closing, we believe that the project should incorporate a zero-tolerance approach to radioactive releases from the
repository. The project and the EIS should not anticipate a closure date for the repository, and, in order to mitigate
the many uncertainties associated with repository performance, to allow flexibility in future decision-making, and to
safeguard the residents and users of Amargosa Valley and Death Valley, the facility should be kept open and
monitored on an indefinite basis.

Response
The goal of geologic disposal is to concentrate and isolate high-level radioactive wastes in a relatively small area for

a very long time. DOE intends to achieve isolation by using a system of engineered barriers and by locating the
repository in the geologic setting of Yucca Mountain. However, it is always possible to conceive of circumstances
(both manmade and natural) that, given the inherent uncertainties associated with long-term projections, could result
in the release of radioactive materials to the accessible environment. It is also likely that eventual release of some
material is inevitable because all systems will degrade given sufficient time.

The Environmental Protection Agency, in promulgating the Yucca Mountain environmental protection standards
(40 CFR Part 197), recognized that with the current state of technology it is impossible to provide a reasonable
expectation that there would be no releases over 10,000 years or longer. Therefore, the Agency established
standards that it believes provide comparable protections to those of other activities related to radioactive and
nonradioactive wastes. These standards do not require complete isolation of the wastes over the compliance period
(10,000 years) or the period of geologic stability (1 million years). The goal of a performance assessment such as
the Total System Performance Assessment for the Site Recommendation (DIRS 153246-CRWMS M&O 2000)
performed for Yucca Mountain, is to evaluate whether the repository is likely to meet these standards.

A postclosure monitoring program is required by 10 CFR Part 63. This program would include the monitoring
activities around the repository after the facility was closed and sealed. At 10 CFR 63.51(a)(1) and (2), the rule
requires that a license amendment be submitted for permanent closure of the repository. This amendment must
specifically provide an update of the assessment for the repository’s performance for the period after permanent
closure, as well as a description of the program for postclosure monitoring. This program would include continued
oversight to prevent any activity at the site that would pose an unreasonable risk of breaching the geologic
repository’s engineered or geologic barriers; or increasing the exposure of individual members of the public to
radiation beyond allowable limits. The details of this program would be defined during the processing of the license
amendment for permanent closure. Deferring a description of this program until the closure period allows for the
identification of appropriate technology including technology that might become available in the future.
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Section 122 of the NWPA requires retrievability at a repository. Federal regulations (10 CFR Part 60 and 10 CFR
Part 63) require that the repository be designed to preserve the option of waste retrieval on a reasonable schedule for
as long as 50 years after the start of waste emplacement. Consistent with these requirements, the operational plan
for the proposed Yucca Mountain Repository provides for a design and management approach that isolates wastes
from the public in the future while allowing flexibility to preserve options for modifying emplacement and
retrieving the waste. This design would maintain the ability to retrieve emplaced materials for at least 100 years and
possibly more than 300 years in the event of a decision to retrieve the waste either to protect the public health and
safety or the environment or to recover resources from spent nuclear fuel. During this period, the repository would
remain accessible for scientists to continue testing and monitoring while providing more flexibility for future
generations of scientists and engineers to continue evaluating repository performance and the methods of repository
closure.

DOE recognized in the Draft EIS that plans for a repository would continue to evolve during the development of any
final repository design and as a result of any licensing review of the repository by the Nuclear Regulatory
Commission. The design evolution is evaluated in the Supplement to the Draft EIS and integrated into the Final
EIS.

The Supplement to the Draft EIS and the Final EIS evaluate the environmental impacts of the higher-temperature
repository operating mode, which is the design focus of Section 2.1.5 of the Science and Engineering Report (DIRS
153849-DOE 2001). In addition, the Supplement to the Draft EIS and the Final EIS evaluate the impacts for the
lower-temperature repository operating mode (which embraces a range of operational parameters including

300 years of extended ventilation). The differences between these modes deal with the highest postclosure
temperatures of the waste package surfaces, the temperature of the emplacement drift rock walls, and the overall
temperature of the repository rock. Section 2.3 of the Supplement and Section 2.1.2.2.4 of the EIS describes the
design modifications including the addition of drip shields and refined waste packages. DOE is not currently
considering backfill in the emplacement drifts as part of the repository design.

7.3 (1153)

Comment - EIS001912 /0108

Section 9.2, Groundwater -- this section has nothing to do with mitigation. None of the discussion has to do with
mitigation. Some level of contingency plans should be included in this section. Appropriate mitigation should also
include long-term monitoring procedures for areas aquifers. A discussion of possible adverse impacts and human
health impacts should be included in the EIS.

Response
Chapter 5 of the EIS contains a full discussion of the potential for adverse long-term groundwater impacts; Section

4.1.3.3 addresses the potential for adverse impacts to groundwater anticipated from repository construction and
operation. These discussions also address potential human health impacts.

DOE is considering a range of additional mitigation measures aimed at reducing the effects of the proposed
repository project. These measures would complement the physical features, procedures, and safeguards already
incorporated into the project plan and design to reduce environmental consequences. Chapter 9 of the EIS, which
provides the Department’s initial list of commitments, identifies DOE-determined impact reduction features,
procedures and safeguards, and mitigation measures under consideration for inclusion in the project plan and design.
Chapter 9 also identifies ongoing studies that could influence mitigation measures related to the project plan and
design. For example, Section 9.2 discusses mitigation measures DOE would implement or consider to reduce
potential impacts from the construction, operation and monitoring, and eventual closure of the proposed repository.
Section 9.2.3.2 enumerates mitigating actions related to groundwater. Similarly, Section 9.3 discusses mitigation
measures to reduce potential impacts from the national transportation of spent nuclear fuel and high-level
radioactive waste.

The Proposed Action includes a lengthy program of performance monitoring and testing. Testing and performance
confirmation would continue for perhaps as long as 300 years after the end of emplacement, through closure of the
repository (see Section 2.1.2.3 of the EIS). It would provide data to future decisionmakers on the performance of
the repository and on closing the repository or retrieving the wastes. The details of the postclosure monitoring
program would be defined during the processing of the license amendment for permanent closure, but the types of
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monitoring that DOE would consider are discussed in Section 2.1.2.3. Deferring a description of this program until
the closure period would enable the identification of appropriate technology, including technology that could
become available in the future.

7.3 (1341)

Comment - EIS000424 / 0001

My first concern is about the drinking water of the surrounding communities whose water comes from Yucca
Mountain. These people do not just live in Nevada, but California as well. If the nuclear waste leaked into the
water system then the cancer rate would rise by dramatic levels.

If the cancer levels rose and people died due to the cancer which was caused by a project by the US government you
could be looking at many large lawsuits in the future. You would be responsible for the mutation of genes in these
communities and will have to put more money for more research on cancer.

Response
Prior to recommendation of the Yucca Mountain site for development of a geologic repository, DOE will have to

provide reasonable expectation that the repository can meet environmental protections standards (40 CFR Part 197)
developed by the Environmental Protection Agency to protect human health and the environment. The estimated
dose from long-term repository performance (see Section 5.4) represents a small fraction of the environmental
protection standards. Therefore, the Department believes that the occurrence of adverse health effects would be
highly unlikely for all potentially exposed populations, including those in Death Valley.

7.3 (1404)

Comment - EIS000434 / 0003

I would like to know how Yucca Mountain would be evaluated and determined as a safe place to store the nuclear
waste. In case of a leak in the canisters, the gases could leak, through a possible crack in the mountain.

Response
Section 5.5 of the Draft EIS evaluated the potential for release of radioactive gases (carbon-14) from the repository.

The potential impacts to the surrounding population would be a very small fraction of the applicable environmental
protection standards (40 CFR Part 197). Thus, DOE believes that the occurrence of adverse health effects from
these releases would be highly unlikely.

The Final EIS considers (see Section 1.7.3) the gas radon-222 that is formed as part of the radionuclide decay chain
resulting from emplacing uranium-234 in the repository. This gas is expected to decay before reaching the ground
surface because it has a half-life of about 3.8 days.

7.3 (1436)

Comment - EIS001888 / 0088

In Section 5.6, the DEIS presented consequences from chemically toxic materials. One of the elements considered
in this analysis is chromium. The amount of chromium considered has been grossly underestimated since the design
that the DOE is currently contemplating as the license application design uses stainless steel, instead of carbon steel
as one of the barriers. In view of this, we feel DOE must consider whether RCRA [Resource Conservation and
Recovery Act] regulations apply to the repository. If DOE feels that such regulations do not apply, they must
provide rationale to support this position.

Response
The quantities of chromium reported in the Final EIS are accurate for the updated design. Revised evaluations for

chromium have been conducted. These evaluations indicate that impacts would be lower than the Maximum
Contaminant Level Goal for chromium.

Because the analysis shows extremely low levels of chromium in wells, the Resource Conservation and Recovery
Act of 1976 would not apply. Furthermore, while chromium+6 is regulated as a waste under the Act, it would not
be a chromium+6 solution or salt that would be placed in the repository, but rather chromium as a part of an alloy
used in waste package construction. The corrosion of the chromium would lead to some soluble form, which has
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been very conservatively assumed to be chromium+6 (evidence indicates it would probably be chromium+3, a
nontoxic, low-solubility form of chromium that is a nutrient).

7.3 (1481)

Comment - EIS001521 /0019

Page 3-12, 3.1.2.2 Climate, first paragraph--Have these extreme precipitation events been used in determining
Yucca Mountain infiltration (recharge) rates as discussed later in this chapter? Applying a range of locality-based
infiltration rates would be much more realistic than using a whole-mountain average.

Response
Extreme precipitation events were mentioned in Section 3.1.2.2, but do not greatly influence the infiltration rates

discussed and used for modeling purposes in Chapter 5 and Appendix I. This is because the subsurface tends to
“damp” the extreme events (particularly in the Paintbrush nonwelded stratigraphic unit) to produce a nearly uniform
infiltration rate with time at depth. If anything, extreme precipitation events are more closely associated with
surface runoff events. Locality-based infiltration rates were used (not whole-mountain averages) to derive
infiltration rates for repository zones modeled in the performance analysis. The approach to discretizing (dividing
the repository into discrete zones) the repository for performance analysis calculations, and the areal infiltration rate
applicable to each modeled zone, has been updated for the calculation results reported in the Final EIS (Section 5.4).

7.3 (1811)

Comment - EIS000332 /0010

Key aspects of the risk assessments presented in the DEIS are based on estimated values rather than actual data. The
NWTRB’s [Nuclear Waste Technical Review Board] experts have severely criticized the results of the models that
are used as the basis for the DOE’s risk assessments. Additionally, results of the models indicate chemical toxicity
may pose greater risk to Nye County residents than releases of radiation from the repository. Only now are data
being collected and tests being planned to provide the information needed to do meaningful risk assessments.
Coupled with inappropriate assumptions and inaccurate data, these assessments result in artificially low risk values
for Nye County residents.

The evaluation of impacts associated with the performance confirmation program, as described in the EIS, does not
contemplate the remedy(ies) that DOE would implement should conditions occur that suggest that repository
performance could fall below those predicted. Nor does the EIS provide an analysis of the impacts that would occur
should the repository not perform as predicted or planned.

Response
The EIS shows some likelihood of chemical contamination but, similar to radiological contamination, DOE must

establish a reasonable expectation that the levels of contaminants where persons would be likely to use the
groundwater would meet health and safety targets set by the Environmental Protection Agency.

The Nuclear Waste Technical Review Board and other reviewers have been critical of the work done for and prior to
the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998). In the 2 years since DOE
published the Viability Assessment, many of the criticisms received have led to activities that have improved the
modeling and its bases.

In relation to underestimating potential risk to Nye County residents, DOE acknowledges that it is not possible to
predict with certainty what will occur hundreds or thousands of years in the future. However, confidence in the
disposal techniques is based on a defense-in-depth that, for example, would place drip shields over waste packages
to account for uncertainties. DOE has adopted an analysis approach that explicitly considers the spatial and
temporal variability and inherent uncertainties in geologic and biological components and relies on:

1. Results of extensive underground exploratory studies and investigations of the surface environment
2. Consideration of features, events and processes that could affect repository performance over the long term

3. Evaluation of a range of scenarios, including the normal evolution of the disposal system under the expected
thermal, hydrologic, chemical and mechanical conditions; altered conditions due to natural processes such as

CR7-117



| Main Index I |V0| 3 Index ||

Comment-Response Document

changes in climate; human intrusion or actions such as the use of water supply wells, irrigation of crops,
exploratory drilling; and low-probability events such as volcanoes, earthquakes, and nuclear criticality

4. Development of alternative conceptual and numerical models to represent the features, events and processes of
a particular scenario and to simulate system performance for that scenario

5. Parameter distributions that represent the possible change of the system over the long term
6. Use of conservative assessments that lead to an overestimation of impacts

7. Performance of sensitivity analyses

8. Use of peer review and oversight

DOE is confident that its approach to long-term performance analysis addresses and compensates for various
uncertainties, and provides a reasonable estimation of potential impacts associated with the ability of the repository
to isolate waste over thousands of years.

DOE designed activities associated with the performance confirmation program to ensure that the repository would
meet specific regulatory requirements [10 CFR 63.102(m) and 10 CFR 63 Subpart F]. As defined, the program
consists of tests, experiments, and analyses to evaluate the adequacy of the information used to demonstrate
compliance that the repository would meet the postclosure objective. The description of the performance
confirmation program is documented in “Performance Confirmation Plan” (DIRS 146976-CRWMS M&O 2000).

The performance confirmation program would monitor and test key geologic, hydrologic, geomechanical, and other
physical processes or factors (and related parameters) throughout construction, emplacement, and operation to detect
significant changes from baseline conditions. DOE would use these data to confirm that subsurface conditions were
consistent with the assumptions used in performance analyses and that barrier systems and components operated as
expected.

Consistent with Federal regulations (10 CFR Part 963), the operational plan for the Yucca Mountain Repository
provides a design and management approach that isolates wastes from the public in the future while allowing
flexibility to preserve options for modifying emplacement and retrieving the waste. This design would maintain the
ability to retrieve emplaced materials for at least 100 years and possibly more than 300 years after the end of waste
emplacement in the event of a decision to retrieve the waste to protect the public health and safety or the
environment or to recover resources from spent nuclear fuel.

Because retrieval is not anticipated, DOE did not include it as part of the Proposed Action. However, the EIS
evaluates retrieval as a contingency action and describes potential impacts if it occurred (see Section 4.2). DOE
evaluated only actions that could be predicted with any certainty (that is, removal of the emplaced waste materials
and subsequent onsite storage). Because any future actions regarding the management and disposition of these
materials following retrieval would be at the direction of Congress and highly speculative, DOE believes it would be
inappropriate to attempt to evaluate impacts that could result from these actions.

If the integrity of the repository was compromised, mitigation activities would be funded under the Price-Anderson
Act. The Act provides liability coverage for commercial activities operating under a license from the Nuclear
Regulatory Commission and for DOE activities by establishing a system of private insurance and Federal
indemnification that generally ensures that as much as $9.43 billion is available to compensate for damages suffered
by the public from a “nuclear incident,” regardless of who causes the damage. Payment would be from Federal
funds or, if public liability arose from nuclear waste activities funded by the Nuclear Waste Fund (for example,
activities at a geologic repository), from the Nuclear Waste Fund (see Section M.8).

7.3 (1880)

Comment - EIS000443 / 0012

The ground water from the site currently is used for agriculture in the regions. DEIS does not fully address
consequences of contamination of the ground water and its impact on regional uses. It also incorrectly assumes
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dilution will reduce the consequence of radiation and that will be an acceptable way to reduce concentration. Given
the longevity of the container and the mountain barrier has not been determined, assumptions of contamination are
premature at best and woefully under estimated at worst.

Response
Sections 3.1.1.1 and 3.1.4.2.1 of the Draft EIS provide information on current land and groundwater use,

respectively, which includes various agricultural activities (for example, farming and dairy operations). The
potential long-term (10,000-year) consequences for the three thermal load scenarios are presented in Section 5.4 of
the Draft EIS and include estimated groundwater concentrations of radionuclides (Tables 5-7, 5-11, and 5-15). In
addition, potential consequences (radiation dose) and human health impacts (latent cancer fatalities) resulting from
of food and consumption and irrigation of feed crops are presented (Tables 5-4, 5-5, 5-8, 5-9, 5-12 and 5-13) for
both reasonably maximally exposed individuals and populations for the three thermal load scenarios. These
estimated consequences are a small fraction of the environmental protection standards promulgated by the
Environmental Protection Agency (40 CFR Part 197) for the proposed Yucca Mountain Repository to ensure
protection of the environment and human health. Therefore, DOE expects no adverse radiation-related health
impacts of any kind to the population around Yucca Mountain within 10,000 years of repository closure. In
addition, whereas the repository design evaluated in the Draft EIS projected small releases within the 10,000-year
compliance period, the flexible design evaluated in the Final EIS projects that the Proposed Action probably would
result in even smaller releases of radioactive contamination to the environment in the first 10,000 years after
repository closure (more than 100,000 times less than the individual protection standard set by 40 CFR Part 197).
Therefore, DOE believes that the occurrence of adverse impacts would be highly unlikely within 10,000 years after
closure with the flexible design.

With regard to the use of dilution factors, DOE does not believe that dilution, in and of itself, is an acceptable
method to meet environmental protection standards. However, the Environmental Protection Agency has specified
the location of the reasonably maximally exposed individual for compliance purposes (40 CFR 197.21). DOE has
used the best available information and generally accepted methods, which include credit for dilution, to estimate
potential impacts to this hypothetically exposed individual at this location.

With regard to uncertainties related to engineered and natural barrier protection, DOE acknowledges that it is not
possible to predict with certainty what will occur hundreds or thousands of years in the future. The National
Academy of Sciences, Environmental Protection Agency, and Nuclear Regulatory Commission also recognize the
difficulty of understanding the behavior of complex systems over long periods. In 10 CFR Part 63, the Commission
acknowledged that “absolute proof is not to be had in the ordinary sense of the word because of the uncertainties
inherent in the geologic setting, biosphere and engineered barrier system. For such long-term performance, what is
required is reasonable expectation.” Similarly, the Environmental Protection Agency established “reasonable
expectation” as a test of compliance, with diminished “weight of evidence” with time (40 CFR Part 197).
Consistent with National Academy of Science observations, DOE has designed performance assessments on a
combination of mathematical modeling, natural analogs, and the possibility of remedial action in the event of
unforeseen events.

DOE confidence in the disposal techniques is based on a defense-in-depth that, for example, places drip shields over
waste packages to account for uncertainties. DOE has adopted an assessment approach that explicitly considers the
spatial and temporal variability and inherent uncertainties in geologic and biological components.

DOE believes this process results in a representative estimation of impacts and is sufficient for comparing the
relative merits of the various repository scenarios, including the preferred alternative.

DOE continues to evaluate the sufficiency of its approach of dealing with uncertainty at the process level (scientific)
as well as at the system level (modeling). A task force is reviewing and outlining further work to be completed on
uncertainties before the time of License Application, should the repository be recommended as a suitable site.

7.3 (1921)

Comment - EIS000477 / 0001

My main issue is the future quality of life for southern [Nevadans] and Californians who are going to live within the
nuclear waste repository impacted zone. With this storage facility located near a populated area (Las Vegas), how
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can the Department of Energy guarantee that residents and visitors will not be unduly affected by radiation leakage?
Presently, monitoring sites have been located in various locations of Tonopah, Rachel, and Las Vegas to measure
the effects of past atomic explosions and studies have shown that local residents suffer higher rates of cancers. Is
this acceptable? I don’t think so. Would you want to live near this facility, raise your family, and watch your future
generations die from various cancers or leukemia? Is the EIS correctly addressing the groundwater contamination
concerns? Water that will eventually be consumed by the human and animal population of the region?

I wonder about possible groundwater contamination with Lake Mead/Colorado River water supplying Los Angeles,
San Diego, Phoenix areas. This facility is only 100 miles away from this source and any geologic shifting from
earthquakes can release harmful radioactive materials in the potable water supply.

Response
DOE can provide reasonable expectation, not a guarantee, that the proposed system of multiple engineered and

natural barriers, working together, would protect public health and the natural environment for the hazardous life of
the waste. In 10 CFR Part 63, the Nuclear Regulatory Commission acknowledges that “absolute proof is not to be
had in the ordinary sense of the word because of the uncertainties inherent in the geologic setting, biosphere and
engineered barrier system. For such long-term performance, what is required is reasonable expectation.” Similarly,
in 40 CFR Part 197, the Environmental Protection Agency has proposed “reasonable expectation” as a test of
compliance, with diminished “weight of evidence” over time.

In Rethinking High-Level Radioactive Waste Disposal (DIRS 100061-National Research Council 1990), a panel of
the National Academy of Sciences observed: “Confidence in the disposal techniques must come from a
combination of remoteness, engineering design, mathematical modeling, performance assessment, natural analogues
and the possibility of remedial action in the event of unforeseen events”. As stated in the Viability Assessment of a
Repository at Yucca Mountain (DIRS 101779-DOE 1998), DOE is taking this combined approach to provide
assurance that the proposed repository would comply with regulatory requirements.

The Final Environmental Impact Statement for the Nevada Test Site and Off-Site Locations in the State of Nevada
(DIRS 101811-DOE 1996) examines current and future DOE activities in southern Nevada at the Nevada Test Site,
Tonopah Test Range, and sites DOE previously operated. With regard to the potential effects of past atmospheric
testing at the Test Site, in 1997 the National Cancer Institute published a report entitled Calculation of the Estimated
Lifetime Risk of Radiation-Related Thyroid Cancer in the United States from the Nevada Test Site Fallout (DIRS
152469-Institute of Medicine and National Research Council 1999, Appendix C). In 1999 the National Academy of
Sciences published Exposure of the American People to lodine-131 from Nevada Nuclear-Bomb Tests: Review of
the National Cancer Institute Report and Public Health Implications (DIRS 152469-Institute of Medicine and
National Research Council 1999). While discussion of potential health effects of the Nevada Test Site is beyond the
scope of this EIS, these sources provide additional information.

The issue of radiation exposure and its relationship to cancer is very pertinent and important. DOE used risk factors
recommended by the National Council on Radiation Protection and Measurements and the International
Commission on Radiological Protection to estimate potential risks to the public and workers from Yucca Mountain
activities. The Department is committed to protecting the public and workers from unnecessary radiation exposure
and to keeping potential radiation risks as low as reasonably achievable. DOE expects no adverse radiation-related
health effects from activities at the Yucca Mountain Repository.

Chapter 8 of the EIS evaluates the cumulative environmental impacts of the proposed repository and other Federal,

non-Federal, and private activities, including activities at the Nevada Test Site. Estimates of health effects indicate
that the number of latent cancer fatalities attributable to the Test Site is insignificant in comparison to the incidence
of cancer in the general population.

Repository-related contamination of Lake Mead or the Colorado River that could affect the Los Angeles, San Diego,
and Phoenix areas is not credible. DOE has conducted an extensive site characterization program, including the
hydrologic conditions in the Yucca Mountain region (Section 3.1.4 of the EIS). The proposed repository would be
in a closed hydrologic basin, so its surface water and groundwater would leave only by evaporation from the soil
and transpiration from plants. Therefore, the watershed of the Colorado River would not be at risk.
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7.3 (2003)

Comment - EIS000526 / 0004

I am also concerned about the long-term safety of the Yucca Mountain site. Page 2-37 of the EIS states, “DOE
would use institutional controls, including land records and warning systems, to limit or prevent intentional and
unintentional activities in and around the closed repository.” It is my understanding, for example, that plutonium-
239, an irradiated fuel, has a half-life of 24,400 years and that it remains dangerous for a quarter million years, or
12,000 human generations. Furthermore, as it decays, uranium-235 is generated which has a half-life of 710,000
years. Thus, the hazard of irradiated fuel will continue for millions of years. Therefore, this material must be
isolated from contaminating or irradiating living things for this long. Considering the evidence provided by all of
the known history of civilization, does the DOE expect the political stability of this country (which is only one issue
pertaining to the long-term safe disposition of this material) to have a duration that would even remotely approach
that necessary to ensure the continued application of “institutional controls” for safe disposal of this material?

Response
DOE understands that ensuring public safety requires continued stewardship and has developed components for the

postclosure safety case, including site stewardship programs. These programs would include, but are not limited to,
long-term monitoring of the site and maintaining the integrity and security of the repository.

After closure, DOE would have the responsibility of maintaining institutional control over the repository, as required
by the Energy Policy Act of 1992. Neither the extent nor the length of this regulatory requirement is well defined at
present. However, the Department would maintain appropriate institutional controls for as long as required.

A postclosure monitoring program is required by 10 CFR Part 63. This program would include monitoring activities
around the repository after the facility has been closed and sealed. In addition, 10 CFR 63.51 (a) (1) and (2) require
that a license amendment be submitted for permanent closure of the repository. This amendment must specifically
provide an update of the assessment of repository performance for the period after closure, as well as a description
of the program for postclosure monitoring. The details of this program, such as the types of active and passive
controls, would be defined during the processing of the license amendment for permanent closure. Deferring a
description of this program until the closure period allows for the identification of appropriate technology, including
technology that might become available in the future.

For impact analysis purposes only, the EIS assumes that passive institutional controls would be applied after
repository closure, as described in Section 2.1.2.3. DOE chose to analyze passive institutional controls for the
postclosure period based on recommendations by the National Research Council of the National Academy of
Sciences (required by the Energy Policy Act of 1992).

DOE believes that passive institutional controls (such as the land records and warning systems used for postclosure
impact analysis) are commensurate with the recommendation of the National Research Council.

The last paragraph of Section 2.1.2.3 now clarifies that passive institutional controls were applied for analytical
purposes, but that additional controls and monitoring could be applied if deemed necessary in the future.

7.3 (2242)

Comment - EIS000742 / 0001

First off, I am neutral toward the Yucca [Mountain] project. I believe that the US [should] be using and developing
[nuclear] energy. [Fossil] fuel waste is more hazardous than [nuclear] waste ever could be. My main concern about
the site is the geologic instability in the Goldfield area. [Rarely] a day goes by when a small [magnitude] quake
isn’t recorded in that area. Just a couple of months ago, a moderate quake hit that area
(http://www.seismo.unr.edu/Catalog/fing.html).

How is it that this area can be called safe for a repository that has to remain intact for 100,000 years? It seems to me
that the [decision] to place the site at Yucca [Mountain] was based more on politics than on science. As an engineer,
I find that to be more than a bit unnerving.
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Response
Based on the results of analyses reported in Chapter 5 of the EIS concerning the long-term performance of the

repository, which considered the effects of future earthquake activity, DOE believes that a repository at Yucca
Mountain would operate safely (that is, in compliance with the Environmental Radiation Protection Standards in
40 CFR Part 197).

In addition, Section 4.1.8 describes the likely impacts from accidents caused by earthquakes during operation of the
repository. As listed in Table 4-37, the maximum reasonably foreseeable accident is an earthquake-initiated event
estimated to result in 0.0073 additional latent cancer fatality in the affected population.

With regard to the concern over politics possibly having more weight than science in the original decision in the
NWPA to characterize only Yucca Mountain as a possible site for a geologic repository, DOE is extremely sensitive
to this issue. DOE is committed to performing objective site suitability assessments based on the best science
practicable given the information available. DOE’s recommendation to the President and his (upon acceptance)
subsequent recommendation to the U.S. Congress will be based on the site suitability investigations. The ultimate
decisions will be based on a weighing and balancing of the facts by the Nation’s political leaders. DOE is confident
that the final decision will be in the best interest of the United States and its citizens.

7.3 (2321)

Comment - EIS000571 / 0005

Gaseous pathways for radionuclides. The volcanic tufts [tuffs] of Yucca Mountain are highly fractured and faulted
already, presenting the pathway for gaseous nuclides to escape into the environment. Such fracture conductivity to
the surface has already been documented at the Yucca site. So we’re already finding cracks at this site and stuff. So
what happens if we put these containers under the ground and they get cracked somehow and once again it gets out
to the environment and it contaminates?

Response
Section 5.5 of the Draft EIS evaluated the potential impacts of atmospheric release of gas-phase radionuclides from

the proposed repository. These consequences were a function of the inventory and release rate of gas-phase
radionuclides (most notably carbon-14). The reported impacts to the local population from gas-phase atmospheric
releases were exceedingly low (average lifetime population dose of 1.1 x 10 person rem over a 70-year lifetime at
the peak release rate, corresponding to 5.3 x 107" latent cancer fatality). This represents a negligibly small risk,
which was also the opinion of a National Research Council panel that reported its own investigation of this issue
(DIRS 100018-National Research Council 1995). The National Research Council advised the Environmental
Protection Agency not to bother controlling such a tiny potential release. The Environmental Protection Agency
also calculated the risk, and agreed with the National Academy that this risk was too low to regulate.

7.3 (2527)

Comment - EIS000772 / 0005

Geological disposal was proposed in the act for waste isolation, yet the DEIS discusses facility design based on
delayed release of radioactivity by means of Engineered Barriers, so the site will leak. Yet no discussion was
offered stating how much leakage or when the leakage will occur.

Response
The goal of geologic disposal is to concentrate and isolate radioactive wastes in a relatively small area for a very

long time. DOE intends to achieve isolation of the wastes in the proposed repository by using a system of
engineered barriers and by locating the repository in the geologic setting of Yucca Mountain. However, it is always
possible to conceive of circumstances (both manmade and natural) that, given the inherent uncertainties associated
with long-term projections, could result in the release of radioactive materials to the accessible environment.

The Environmental Protection Agency recognized in its Yucca Mountain environmental protection standards

(40 CFR Part 197) that with the current state of technology it is impossible to provide a reasonable expectation that
there would be no releases over 10,000 years or longer. Therefore, standards have been established by the Agency

that it believes provides comparable protections to those of other activities related to radioactive and nonradioactive
wastes. These standards do not require complete isolation of the wastes over the compliance period (that is
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10,000 years) or the period of geologic stability (1 million years). The goal of a performance assessment such as
that performed for Yucca Mountain is to evaluate whether the repository is likely to meet these standards.

The EIS provides DOE’s best estimate of the impacts that could occur when the containment system inevitably
degrades. The updated analysis in the Final EIS projects that the Proposed Action would likely result in extremely
small releases of radioactive contamination to the environment in the first 10,000 years after repository closure
(more than 100,000 times less than the individual protection standard set by 40 CFR Part 197) and are due to the
very unlikely event of between zero and five packages failing due to manufacturing defects.

In addition to the 10,000-year compliance period, DOE has evaluated potential impacts for the period of geologic
stability at the repository (that is, 1 million years). DOE performed this evaluation, consistent with 40 CFR

Part 197, to gain insight into the very long-term performance of the repository and thus provide information for
decisionmakers in making both design and licensing decisions. These results show a mean peak dose rate that
would be much lower than background levels (see Chapter 5 for details).

7.3 (2598)
Comment - EIS000802 / 0002
What about the ground water contamination has already been established and yet they build on.

Response
In 1996 DOE published the Nevada Test Site Final Environmental Impact Statement (DIRS 101811-DOE 1996).

This document provides an estimate of the underground testing radionuclide source term that is the best available,
unclassified, source term information. This data was used in a simplified calculation to provide a reasonable
estimate of potential long-term cumulative impacts resulting from the underground testing activities at the Test Site.
Because of ongoing studies and the current uncertainty surrounding groundwater transport models, DOE did not
attempt to estimate actual groundwater transport characteristics for the Test Site. Rather, the estimates of potential
Test Site groundwater impacts provided in Section 8.3 of the Draft EIS for Yucca Mountain were based simply on
the ratio of inventories of radionuclides available for transport at the repository to the Test Site source term.

For the Final EIS, DOE has refined the Nevada Test Site groundwater impact analysis to consider not only the total
inventories of radionuclides but also the relative source term radionuclide concentrations and dilution factors for the
repository and the Test Site. However, because of the large uncertainties remaining, the refined analysis did not
attempt to model actual groundwater transport at the Test Site. Rather, the refined analysis assumed that the
radionuclide constituents in the groundwater at the Test Site would be transported in an identical manner to those
from the repository (that is, the repository groundwater transport model was applied to the Test Site source term).
Therefore, DOE believes that the resulting estimates of the potential cumulative impacts from underground testing
activities at the Nevada Test Site represent a reasonable estimate of the maximum impacts. Section 8.3.2.1.1
describes the results.

7.3 (2619)

Comment - EIS000708 / 0002

Jessica Matthews, Senior Fellow at the Council on Foreign Relations, wrote about the Yucca Mountain Project for
the Wall Street Journal that “The (DOE) plan is to dispose of nuclear wastes once and forever in a deep hole in the
ground. A repository would be built, filled and sealed. This difficult, new technology must work perfectly the first
time, protecting the waste for 10,000 years. There can be no pilot project, no improving of the technology, no
learning curve; yet there must be public confidence that it will work.”

FACT: There is NO PUBLIC CONFIDENCE that it will work. Repeatedly DOE technological discoveries about
the site reveal weaknesses such as geologic instability, water penetration, heat accumulation, radioactive leakage,
etc. Repeatedly the DOE response to these inherent site flaws has been to weaken the standards to accommodate the
problem.

Response
DOE recognizes that that there is uncertainty in both predictive capability and in the likelihood and nature of human

error. Therefore, a defense-in-depth approach is being used that, for example, places a drip shield over waste
packages to account for uncertainties in the locations and rates of water seeps into the repository. DOE has adopted
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this defense-in-depth design philosophy and also a performance assessment methodology that accounts for the
variability inherent in natural processes, limits to our knowledge and information, differing views of experts,
unpredictability of some phenomena, and uncertainty in system behavior. The methodology is widely accepted
nationally and internationally. It is based on recommendations of the National Academy of Sciences, the
Environmental Protection Agency, and the Nuclear Regulatory Commission. It conforms to international practices
in other countries, including Member States of the Organisation for Economic Co-operation and Development
Nuclear Energy Agency and the United Nations International Atomic Energy Agency.

In addition, because it is generally recognized that with time, our knowledge of and ability to predict future
performance of both engineered and natural systems will improve, Section 122 of the NWPA and Federal
regulations [10 CFR Part 60 and 10 CFR Part 63] require that the repository be designed to preserve the option of
waste retrieval on a reasonable schedule starting at any time up to 50 years after the start of waste emplacement.
Consistent with these requirements, the operational plan for the proposed Yucca Mountain Repository provides for a
design and management approach that isolates wastes from the public in the future while allowing flexibility to
preserve options for modifying emplacement and retrieving the waste. This design would maintain the ability to
retrieve emplaced materials for at least 100 years and possibly more than 300 years in the event of a decision to
retrieve the waste either to protect the public health and safety or the environment or to recover resources from spent
nuclear fuel.

Section 112(a) of the Nuclear Waste Policy Act of 1982 requires the Secretary of Energy to issue general guidelines
for use in recommending potential repository sites for detailed characterization. DOE issued these guidelines in
1984 (10 CFR Part 960), describing policies that were applicable to the three sequential stages of the siting process
in the Act (preliminary site screening, nomination of sites, and site selection for recommendation to the President).

DOE published proposed amendments to the guidelines in 1996 to reflect the prevailing scientific view on how to
evaluate the suitability of the Yucca Mountain site for the development of a nuclear waste repository (61 FR 66158,
December 16, 1996). Because Congress had by this time required DOE to focus only on Yucca Mountain, the
proposed DOE amendments dealt with provisions of the guidelines that were applicable to the site recommendation
stage. In November 1999, DOE revised its 1996 proposal (64 FR 67054, November 30, 1999) to focus on the
criteria and methodology to be used for evaluating geologic and related aspects of the Yucca Mountain site.

DOE revised its proposal for three reasons. First, in response to comments received on the 1996 proposal, DOE
sought to provide more specificity in the guidelines and to expand the explanation of the factual and legal bases for
them. Second, in December 1998, DOE issued the Viability Assessment of a Repository at Yucca Mountain

(DIRS 101779-DOE 1998) pursuant to Congressional direction. The Viability Assessment sets forth the bases for
the site suitability criteria that DOE is proposing to use and the methodology for applying the criteria to a design for
a proposed repository at the Yucca Mountain site. Third, the Nuclear Regulatory Commission proposed to issue
site-specific licensing requirements for the Yucca Mountain site in February 1999. The details of this new proposal
suggest the need to make conforming changes to the December 1996 DOE proposal to establish the requirements for
carrying out a Total System Performance Assessment as the method for applying the site suitability criteria to the
data developed during characterization of the Yucca Mountain site. DOE is not proposing to revise its guidelines
due to any condition found at the Yucca Mountain site.

7.3 (2827)

Comment - EIS000955 / 0003

It is the opinion of the [Mendocino] Environment Center that shipping nuclear waste to Yucca Mountain on the
Shoshone Reservation is ... irresponsible in that [it] is less safe than an above ground repository.

Response
Yucca Mountain is not part of any Native American reservation, although DOE recognizes that claims exist that the

location is a part of Western Shoshone land. This is an issue for Congress to consider as it decides whether to
withdraw the land for the repository. In terms of transportation, while some potential routes cross Federally
recognized Native American lands (see Chapter 6 of the Final EIS), DOE believes that the impacts would be small
and would present no more risk to Native Americans than to any other community along those routes.
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DOE does not agree with the second part of the comment. The Draft EIS, in a comparison of the Proposed Action
and No-Action Alternative, suggests that although there could be little risk from above-ground storage for some
time, eventually there would be either very large investments or sizable risks, some to populations and some to
environmentally sensitive locales such as land adjacent to lakes, rivers, or oceans. To do nothing would be to invite
disaster at some future time. To act as proposed would present some risk over a short period to those on or adjacent
to transportation routes, but it would remove future risks from 77 other locales. In addition, the reduced risk of an
unauthorized diversion of materials from these 77 locales, materials that could be used as tools of terrorism is
important. The repository would be an important part of this Nation’s commitment to nuclear nonproliferation.
DOE believes the potential long-term benefits far outweigh the short-term risks from a national perspective and
from the perspectives of those currently residing near spent nuclear fuel storage areas.

7.3 (2907)

Comment - EIS001009 / 0002

In the report titled “Geochemical Behavior of Long-Lived Radioactive Wastes” (ORNL-TM-4481) compiled by
Ferruccio Gera for the Oak Ridge National Laboratory (1975), Gera notes in the introduction, “It is clear that these
wastes will have to be contained for time periods well in excess of the recorded history of mankind.” He states that
it is necessary to “design a disposal facility in such a manner that it will withstand at least a few hundred thousand
years of geologic change. It is known, however, that the longest-lived nuclides in the waste will present some
radiological hazard for millions of years and it is not possible to absolutely guarantee that waste will be contained
for such long periods of time.”

To the taxpayer, the assumption made by Gera and promoted by our federal government and the nuclear power
industry that the integrity of containers and the stability of the environment will permit no release of contamination
for upwards of thousands of years is lunacy.

Unanticipated man-made events -- such as war or terrorist activity or environmental degradation -- or events
occurring in nature -- such as geologic changes caused by earthquakes or volcanic activity or even impacts by
asteroids, or the inevitable deterioration of containers -- make such long-term predictions Iudicrous.

Response
The goal of geologic disposal is to concentrate and isolate spent nuclear fuel and high-level radioactive waste in a

relatively small area for a very long time. DOE intends to achieve isolation of the wastes in the proposed repository
by using a system of engineered barriers and by locating the repository in the geologic setting of Yucca Mountain.
However, it is always possible to conceive of circumstances (both manmade and natural) that, given the inherent
uncertainties associated with long-term projections, could result in the release of radioactive materials to the
accessible environment. In other words, the eventual release of some material is inevitable because all systems will
degrade given sufficient time. However, based on the results in Chapter 5 of the EIS concerning long-term
performance, which considered the effects of earthquakes and volcanic activity as well as the uncertainties related to
future human behavior, DOE believes that the repository at Yucca Mountain would operate safely.

DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. This
EIS provides DOE’s best estimate of the impacts that could occur when the containment system degraded. The
updated analysis in the Final EIS projects that the Proposed Action probably would result in extremely small
releases of radioactive contamination to the environment in the first 10,000 years after repository closure (more than
100,000 times less than the individual protection standard set by 40 CFR Part 197), which would be due to the very
unlikely event of between zero and five waste packages failing due to manufacturing defects.

In addition to the 10,000-year compliance period, DOE has evaluated potential impacts for the period of geologic
stability at the repository (that is, 1 million years). DOE performed this evaluation, consistent with 40 CFR Part
197, to gain insight into the very long-term performance of the repository and thus provide information for
decisionmakers in making both design and licensing decisions. These results show a mean peak dose rate that
would be much lower than background levels (see Chapter 5 for details).

CR7-125



| Main Index I |V0| 3 Index ||

Comment-Response Document

7.3 (3001)

Comment - EIS001066 / 0001

From what I have read, there are major concerns about the geologic suitability of Yucca Mountain to be a repository
for nuclear waste. It is not water or air tight.

Response
Regarding the question of whether or not Yucca Mountain is “water or air tight,” no natural geologic system is water

or air tight because all natural geologic environments have a finite permeability to air and water. In choosing Yucca
Mountain as a potential disposal site, DOE has selected a site with air and water permeability characteristics that,
with the long-term climate in the area, the depth of the water table, and the robust engineering design of the
proposed facility, ensures that future impacts to natural systems would be minimal.

The EIS evaluates the impacts of the proposed Yucca Mountain Repository and concludes that potential impacts to
natural systems would be well within regulatory standards established by the Environmental Protection Agency and
the Nuclear Regulatory Commission. Consistent with Section 122 of the NWPA and Commission regulations

(10 CFR Part 63), DOE has designed the repository to maintain the capability to retrieve the waste if there were
indications of unacceptable threats to public health and safety or to the environment, or to retrieve resources from
spent nuclear fuel.

7.3 (3221)

Comment - EIS000957 / 0003

The risks to health and life are unacceptable due to the possible contamination of the groundwater and our
environment will result in approx. 18 latent deaths a year. Any number of deaths per year related to this disposal of
nuclear waste is completely unacceptable.

Response
Concerns about the risks to health and life are important and relevant to the proposed Yucca Mountain repository.

The people of Amargosa Valley, the closest population center, are most at risk to groundwater contamination
because the water beneath Yucca Mountain flows in a generally southerly direction.

DOE’s estimate of the health risks due to the possible contamination of the groundwater does not agree with this
comment. Section 5.10 of the EIS clearly indicates that no person would be likely to contract a fatal cancer from
potential repository releases during the first 10,000 years after closure.

7.3 (3234)

Comment - EIS000998 / 0002

Some of this high-level nuclear waste will be toxic for 150 million years. No responsible person can assure us that
any container will be designed which will contain that waste for that period of time, even under the best conditions.
Further, major unanswered questions remain about the geologic predictability and long-term stability of Yucca
Mountain site, raising further doubts about the safety of this proposal.

Response
DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. The

Draft EIS provides the Department’s best estimate of the impacts that would occur when the containment system
inevitably degraded. The Draft EIS confirms that the Proposed Action would be expected to result in release of
radioactive contamination to the environment beginning as early as a few thousand years after repository closure.
However, the Draft EIS also shows that these releases under the Proposed Action would not exceed Environmental
Protection Agency Standards (40 CFR Part 197) within 10,000 years of repository closure, standards specifically
enacted to ensure the safety of future generations.

The EIS contains analyses of impacts that could arise from natural catastrophic events such as earthquakes and
volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probability and effect of such events on long-term
radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicate the potential risk, as reported in the EIS.
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7.3 (3454)

Comment - EIS000546 / 0001

I really challenge all the scientific evidence to be looked at. There is a lot of very brilliant minds that are coming up
with scientific facts and figures, but ultimately I think if you really look at it, we have to admit that it’s all
speculation and all hypothetical, because we really don’t know what’s going to happen. We don’t know what’s
going to happen geologically in the next 500 years, in the next 50 years really. It’s all speculation. Some very
intelligent speculation but none all the same speculation.

We don’t know what’s going to happen with our environment.

Earlier, it was suggested that posing questions as comments. I’m going to reverse this and pose my question as a
commenter. I’'m sorry, I’'m getting confused. Anyhow.

I’d really like anybody involved in the upper echelons of Yucca Mountain, I’m talking about anybody involved in
the facts, the figures, in the decisions being made, whether you’re a scientist, whether you are a bureaucrat, an
administrator, whether you are a congressman, congresswoman. 1’d like to ask you if you would live in the area?
This isn’t a question of aesthetics but about whether you want to live in southern Nevada, wherever Yucca Mountain
happens to be. Would you want to live in the area and raise your family in that area, the next three, four generations
of your family? Do you feel that the guarantees are reasonable enough and the risk is reasonable enough to want to
raise your family there?

Response
DOE acknowledges that it is not possible to predict with certainty what will occur hundreds or thousands of years in

the future. The National Academy of Sciences, Environmental Protection Agency (EPA), and Nuclear Regulatory
Commission (NRC) also recognize the difficulty of understanding the behavior of complex systems over long
periods. In 10 CFR Part 63, the NRC acknowledges that “proof that the geologic repository will conform with the
objective for postclosure performance are not to be had in the ordinary sense of the word because of the
uncertainties inherent in the geologic setting, biosphere and engineered barrier system. For such long-term
performance, what is required is reasonable expectation.” In 40 CFR Part 197, the EPA establishes “reasonable
expectation” as a test of compliance, with diminished “weight of evidence” with time. The EPA also recognizes the
need for expert judgement in assigning scenario probabilities, selecting simulation models, and assigning parameter
distributions. Consistent with National Academy of Science observations, DOE has designed performance
assessments on a combination of mathematical modeling, natural analogs, and the possibility of remedial action in
the event of unforeseen events. DOE continues to evaluate the sufficiency of its approach to dealing with uncertainty
at the process level (scientific) as well as the system level (modeling). A task force is reviewing and outlining
further work to be completed on uncertainties before the time of License Application, should the repository be
recommended as a suitable site.

The choice of where an individual lives is a personal decision based on many factors (such as, lifestyle, cost of
living, distance to work, educational opportunities, etc.). Nevertheless, the vast majority of scientists, engineers, and
administrators directly involved with the Yucca Mountain project have chosen to reside within the region of
influence. Before it could recommend the Yucca Mountain site for development of a geologic repository, DOE
would have to provide a reasonable expectation that the repository would meet the EPA standards (40 CFR Part
197) for protecting human health and the environment. The Department believes that the occurrence of adverse
health effects would be highly unlikely for all potentially exposed populations in the region of influence.

7.3 (3472)

Comment - EIS000722 / 0008

Like most power plants, Diablo Canyon lately operates with enriched fuel allowing longer stay of the fuel rods in
the reactor. Since there is no empirical evidence for the rate of cladding failure in these spent fuel rods with higher
burn-up, all risk assessments and analyses for accident and sabotage/terrorists scenarios are conjecture. In addition,
calculations about thermal loads for casks and permanent repository may also be effected [affected]. The Draft EIS
does not address this important aspect and is therefore seriously flawed.
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Response
Section A.2.1.5 of the Draft EIS provides the basis for selecting “typical” pressurized-water reactor and boiling-

water reactor fuel assemblies. Specifically, the typical assemblies were chosen to be representative of the average of
the fuels to be received at the repository and to provide a realistic inventory and post-irradiation elemental
distribution estimate for long-term performance analysis. The typical commercial assemblies specified are
representative of an assembly type used in the more recently built reactors. This results in physical characteristics
that are slightly higher than average (size and uranium per assembly).

In addition to the typical fuel, however, the Final EIS includes a new “representative” commercial fuel for purposes
of calculating impacts of repository and transportation accidents (including accidents resulting from sabotage). The
representative fuel (see Appendix A, Tables A-12 and A-13) is based on a hazard index approach that considers the
relative hazard for all commercial fuel to be received at the repository. This fuel is younger and has higher burnup
than the typical commercial fuels used in the Draft EIS. Use of a “most dangerous” conservative fuel (maximum
burnup and minimum cooling) is not appropriate for transportation accidents because transportation casks, to ensure
compliance with thermal and direct radiation exposure limits, would not be filled with such fuel. Such loading
would require that casks contain fewer spent nuclear fuel assemblies than the large-capacity casks assumed for the
EIS. Furthermore, such a fuel represents a very small fraction of the waste inventory. Thus, a reasonably
foreseeable accident that could involve shipment of this fuel would be much less severe than the maximum
reasonably foreseeable accident in the EIS because of the lower quantity of the material available for release from an
affected cask.

Similarly, for the maximum reasonably foreseeable repository accidents, exclusive involvement of younger fuel
would not be realistic because of the nature of the activities in the Waste Handling Building. Routine blending
operations in the Waste Handling Building would include both younger and older spent nuclear fuel at any given
time. Therefore, the Waste Handling Building would contain a mixture of younger, high-burnup and older, low-
burnup fuel assemblies that would be equally affected in the event of an accident. The Final EIS defines the
parameters of the “representative” commercial fuel and the rationale for developing this new type for use in accident
analysis for the Final EIS.

This comment is correct in that whatever has happened to nuclear fuel at operating reactors would have an impact on
the future behavior of the repository. For instance, the time the fuel spends in the reactor (the burnup) has a direct
impact on the inventory of waste elements (radionuclides) and the heat output. These aspects are considered in
design and modeling activities. DOE is evaluating certain aspects of dry cask storage related to the performance of
commercial spent nuclear fuel cladding. This is necessary because dry cask storage results in much higher cladding
temperatures than at-reactor pool storage. Such information was used to develop a refined clad performance model
that is included in the Total System Performance Assessment analyses that support both the Site Recommendation
process and the Final EIS. Models of commercial spent nuclear fuel dissolution are based on experimental tests
where actual reactor fuel was used. In addition, models of waste package material performance are based on
continuing long-term corrosion tests. Details regarding the models used for the Draft EIS are in Chapter 5 of the
Draft EIS and of the Viability Assessment (DIRS 101779-DOE 1998). Descriptions of refined models can be found
in documentation that supports both the Site Recommendation process and the Final EIS.

7.3 (3549)

Comment - 010114 / 0008

The lower temperature scenario assumes use of an area that hasn’t been studied yet and what the fault lines are in
that area that we’re not aware of. These are things that need to be taken a look at.

Response
The waste inventory for the lower-temperature operating mode would be wholly contained in an area that has been

studied during site characterization. Extended inventories (such as Modules 1 and 2) use some unstudied space in
the “lower block.” These inventories are not part of the Proposed Action, but are considered in the cumulative
impacts as a reasonably foreseeable future action. If these additional waste inventories were authorized for disposal
in the proposed repository, DOE would be required to characterize additional areas at Yucca Mountain.
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7.3 (3599)

Comment - EIS000715 / 0009

In conclusion, I wish to make clear that the only things that the human race has learned about nuclear waste disposal
is:

a. No human designed waste container has not leaked.
b. Nuclear waste always works its way lower into the earth carried by underground water.

So, 98% of the waste deposited in Yucca Mountain will end up, percolated and bubbling, beneath Death Valley
National Park. It is true that only 2 percent will permanently poison the Las Vegas, acquifer.

Response
DOE acknowledges that it cannot build a containment system that would provide perfect containment forever. The

Draft EIS provides the Department’s best estimate of the impacts that would occur when the containment system
degraded. DOE does confirm in the Draft EIS that the Proposed Action would be expected to result in a release of
radioactive contamination to the environment beginning as early as a few thousand years after repository closure.
However, the Draft EIS shows that these releases would not exceed environmental protection standards (40 CFR
Part 197) within 10,000 years of repository closure, standards specifically enacted to ensure the safety of future
generations. In addition, whereas the repository design evaluated in the Draft EIS projected small releases within
the 10,000-year compliance period, the enhanced design evaluated in the Final EIS projects that the Proposed Action
probably would result in even smaller releases of radioactive contamination to the environment in the first 10,000
years after repository closure (more than 100,000 times less than the individual protection standard set by 40 CFR
Part 197).

With regard to potential flow of contaminants to Death Valley and as described in Section 3.1.4 of the EIS, DOE has
conducted an extensive program to characterize the direction and nature of groundwater flow and transport from the
Yucca Mountain site. The general path of water that percolates through Yucca Mountain is southward toward the
Town of Amargosa Valley, then beneath the area around Death Valley Junction in the southern Amargosa Desert.
The groundwater beneath Yucca Mountain merges and mixes with groundwater beneath Fortymile Wash. This
groundwater then flows toward, and mixes with, the large groundwater reservoir in the Amargosa Desert. The
natural discharge point of this groundwater occurs farther south in Franklin Lake Playa, an area of extensive
evapotranspiration, although a minor volume might flow south toward Tecopa into the southern Death Valley area.
A fraction of the groundwater might flow through fractures in the relatively impermeable Precambrian rocks at the
southeastern end of the Funeral Mountains toward springs in the Furnace Creek area of Death Valley.
Potentiometric data indicate that a divide could exist in the Funeral Mountains between the Amargosa Desert and
Death Valley. This divide would limit discharge from the shallow flow system, but would not necessarily affect the
flow from the deeper carbonate aquifer that might contribute discharge to springs in the Furnace Creek area (DIRS
100465-Luckey et al. 1996).

Geochemical, isotopic, and temperature data indicate that water discharging from springs in the Furnace Creek area
is a mixture of water from basin-fill aquifers in the northwestern Amargosa Desert and from deeper flow in the
regional carbonate aquifer (DIRS 101167-Winograd and Thordarson 1975). Groundwater in the northwestern
Amargosa Desert originates in Oasis Valley and from the eastern slope of the Funeral Mountains, both of which are
west of the flow paths that extend southward from Yucca Mountain. Even if part of the flow from Yucca Mountain
mixes with the carbonate pathway that supplies the springs in Furnace Creek, it would be too little to noticeably
affect the water quality of these springs. Considering the small amount of water that would infiltrate though the
repository footprint compared to the total amount of water flowing through the basin (about 0.2 percent), and the
large distances involved [more than 60 kilometers (37 miles) from the source], any component of flow from Yucca
Mountain that traveled along this long and complicated flow path would be diluted to such an extent that it would be
indistinguishable.

As described in Chapter 5 of the EIS, modeling of the long-term performance of the repository shows that the
combination of natural and engineered barriers at Yucca Mountain would keep the release of radionuclides well
below the regulatory limits in 40 CFR Part 197. If, after more than 10,000 years, some contaminated groundwater
flowed past Franklin Lake Playa and discharged at the springs in the Furnace Creek area of Death Valley, the mean

CR7-129



| Main Index I |V0| 3 Index ||

Comment-Response Document

peak dose would be less than the dose calculated at Franklin Lake Playa. See Section 5.4 of the EIS for additional
information.

With regard to potential contamination of the Las Vegas aquifer, Sections 3.1.3 and 3.1.4 of the EIS describe the
geologic and hydrologic settings of Yucca Mountain and the surrounding region in great detail. Estimated releases
to the accessible environment after 10,000 years would be limited geographically to the groundwater flow system
described in Section 3.1.4.2 of the EIS. Therefore, contaminants from the repository could not reach the Las Vegas
Valley.

7.3 (3616)
Comment - EIS001031 / 0022
Isn’t it risky, storing all this waste in one place?

Response
Chapter 5 of the EIS describes the environmental consequences of disposing of radioactive materials in one place.

There are risks, but the purpose of this EIS is to present these risks to decisionmakers so they can make informed
choices.

The risk of disposing of these materials in multiple locations has not been evaluated. However, the costs and risks
of leaving the materials where they presently are have been evaluated in this EIS, and both long-term costs and risks
would be lower if the Proposed Action was selected rather than either the 10,000-year maintenance and replacement
of existing storage locations, or the abandonment of existing locations after 100 years. Neither alternative is likely
to be the course the Nation would follow if the Proposed Action was not taken, but the analyses show the range of
potential impacts if No Action was selected.

7.3 (3633)

Comment - EIS001179 / 0002

The recent findings at LANL (Haschke, et al.) regarding oxides of Pu [plutonium] do not seem (to me) to be of
show-stopping concern. I believe that mobility and outgassing has been adequately addressed.

Response
Thank you for the comment.

7.3 (3777)

Comment - 010388 / 0003

Continue in-depth evaluations of priority issues as raised by NWTRB [Nuclear Waste Technical Review Board] to
lay the scientific foundation for a positive Yucca Mountain site recommendation.

Incorporate a surface aging area for commercial spent nuclear fuel into the surface facilities plan for Yucca
Mountain.

Conduct an in-depth investigation of a low temperature repository design, as an operating mode with optimum
flexibility.

Response
The effects of thermal loading on the long-term performance of the proposed repository have been a subject of

intense study and empirical data gathering for several years. Since the publication of the Draft EIS, DOE has
continued to evaluate design features and operating modes that would reduce uncertainties in or improve long-term
repository performance and improve operational safety and efficiency. The design evolution process has resulted in
the development of the flexible design (see Chapter 2 of the Final EIS). In developing the flexible design, DOE
considered the concerns expressed by the Nuclear Waste Technical Review Board about difficulties in reducing
large uncertainties regarding waste package and repository performance related to high (above the boiling point of
water) repository rock temperatures associated with the preliminary design in the Viability Assessment (DIRS
152574-Cohon 2000). The Board suggested that it might be possible to reduce such uncertainties by developing an
adequate technical basis for a lower-temperature repository design.
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The flexible design includes the ability to operate the repository in a range of operating modes that address higher
and lower temperatures and associated humidity conditions. Higher-temperature means that at least a portion of the
emplacement drift rock wall would have a maximum temperature above the boiling point of water at the elevation of
the repository [96°C (205°F)]. The lower-temperature operating mode ranges include conditions under which the
drift rock wall temperatures would be below the boiling point of water, and conditions under which the waste
package surface temperatures would not exceed 85°C (185°F). To ensure the impact analysis covered the full range
of potential impacts, DOE considered conditions under which the rock wall temperatures would be above the boiling
point of water, and conditions under which waste package surface temperatures would not exceed 85°C.

As discussed in Section 2.2.2.2.2 of the Supplement to the Draft EIS, the thermal output of the waste packages could
be reduced by (1) placing low-heat-output (older) fuel with high-heat-output (younger) fuel in the same waste
package (fuel blending), (2) limiting the number of spent nuclear fuel assemblies to less than the waste package
design capacity (derating), (3) using smaller waste packages, or (4) placing younger fuel in a surface aging area to
allow its heat output to dissipate so it could meet thermal goals for later emplacement. Chapter 4 of the Final EIS
includes an evaluation of surface aging as much as 40,000 metric tons of heavy metal of commercial spent nuclear
fuel during a 50-year period.

7.3 (4042)

Comment - EIS001524 / 0002

The Draft Environment Impact Statement is incomplete with regard to the definition of the “maximally exposed
individual.” The definition did not take into account differences in age, gender, and physical characteristics and also
assumed that current lifestyles in the exposed area would remain consistent over the next 10,000 years. First of all,
if the intent of the study is to determine protection for future generations, the maximally exposed individual should
not be a person of mean or average lifestyle because it automatically results in some people (namely the old, young,
sick, etc.) being less protected. In addition, while it is certainly not possible to know future lifestyle patterns, one
cannot assume that characteristic conditions today will remain intact for thousands of years in the future. Therefore,
the DEIS is wrong to rely on current averages to determine future levels of safety from the repository (DEIS,

p. 5-26).

Response
DOE, the National Academy of Sciences, the Nuclear Regulatory Commission, and the Environmental Protection

Agency all concur that “it is not possible to know future lifestyle patterns.” In its report, Technical Bases for Yucca
Mountain Standards (DIRS 100018-National Research Council 1995), a National Academy of Sciences committee

concluded that there is no scientific basis for predicting future human behavior. The Committee recommended the

use of default (or reference) scenarios to incorporate future human actions in compliance assessments.

DOE has followed this recommendation and used the concept of a reasonably maximally exposed individual
(RMEI), as discussed by the Environmental Protection Agency in the preamble to 40 CFR Part 197, to project
potential doses for long periods. The agency stated:

“ ... that the RMEI approach is sufficiently conservative and that it is fully protective of the general population
(including women and children, the very young, the elderly, and the infirm). The risk factor upon which the dose
level was established is very small, 5 chances in 10,000,000 per mrem [millirem] for fatal cancer. The lifetime risk
then is this factor multiplied by the total dose received in each year of the individual’s lifetime. We believe that the
risk prior to birth is very similar to this risk level; however, relative to the rest of that individual’s lifetime, the
difference is small.”

In addition, the Environmental Protection Agency defines the reasonably maximally exposed individual as an
individual that has the food and water intake rates, diet, and physiology similar to those individuals currently living
in communities in the downgradient direction of flow of the groundwater passing under Yucca Mountain. Thus, in
estimating the risks to humans, DOE chooses factors typical of individuals living in the Yucca Mountain region of
influence (for example, lifestyle, diet, water usage, farming and agricultural practices, and environmental
parameters) that would lead to the highest exposures.
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7.3 (4064)

Comment - EIS001181 / 0002

The N.Y. Times ran an extensive article about water flow, calcite crystals and their potential to corrode canisters.
Also, the area’s vulnerability to earthquakes and proximity to an ever-growing Las Vegas are cause for concern.

Response
DOE agrees that canister corrosion, earthquakes, and the proximity of population centers are important issues in the

assessment of the performance of the proposed repository.

The longevity of the waste package is a principal factor in the Repository safety case. The evaluation of alternative
waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years for the
reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions. This
container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a high-
nickel alloy (Alloy-22). However, the updated analysis in the Final EIS projects between zero and five waste
packages failing due to manufacturing defects.

DOE has evaluated the long-term geologic stability of Yucca Mountain. Earthquakes have occurred in the Yucca
Mountain area in the past and are likely to occur in the future. They could affect the postclosure performance of the
proposed repository in two ways: (1) through ground motions that could disturb the engineered structures and (2) by
direct offset along a block-bounding fault that could act as a pathway for water flow and radionuclide migration to
the underlying aquifer. To minimize the potential impacts of earthquakes, DOE would design the engineered
structures to withstand the most severe ground motions (see Section 1.2.1.7 of the EIS), and would place the waste
emplacement drifts away from faults that could serve as fast paths for water.

DOE has conducted an extensive site characterization program, including the regional groundwater flow system
around Yucca Mountain. The Department believes that there are no surface-water or groundwater pathways that
could affect the population of Las Vegas. All flowpaths terminate in playas where water evaporates and perhaps
makes a minor contribution to some local springs. However, all the water flows to the west and cannot reach the
Las Vegas area. EIS Sections 3.1.4.2 and 3.1.4.2.2 describe the status of the understanding of the regional
groundwater flow, and work continues to enhance our understanding of the regional flow system.

7.3 (4156)

Comment - EIS001512 / 0004

The DEIS includes the statement that the “most important process controlling waste package lifetime is whether
water would drip from the seeps onto a waste package.” (DEIS, 1999, 5-11.) On the previous page of the DEIS, the
statement is made that, “After the water returned to the repository walls, it would drip into the repository but only in
relatively few places. The number of seeps that could occur and the amount of water that would be available to drip
would be restricted by the low rate at which water flows through Yucca Mountain.” (DEIS, 1999, 5-10.) As was
previously mentioned, a climate shift could cause a dramatic increase in the water that flows through Yucca
Mountain to the repository. In addition, the flow of water through this area is affected by the surrounding geologic
conditions, which are uncertain, by the DOE’s own admission. On page 5-10 (DEIS, 1999), the DOE admits that
the effect of heat (which could arise 15-25 years after closure of the repository as a result of the decay of nuclear
materials, or as a result of volcanic activity in the surrounding area) on the water flow and geologic conditions is
unknown. The DOE is planning future studies to determine the effect of heat on repository conditions (DEIS,

1999, 5-18), but until that data is known, the DOE’s claim that little water would seep into the repository and cause
damage to the waste packages is weakened by inconsistency.

Response
DOE based the corrosion models for the waste package design discussed in Section 5.2.2 of the Draft EIS on expert

elicitation. The experts felt that Alloy-22 would corrode faster under dripping conditions. Subsequent experimental
data, as documented in the “Waste Package Degradation Process Model Report” (DIRS 151624-CRWMS M&O
2000), show the corrosion of the new waste package would be insensitive to the amount of water contacting it (as
long as there was any water). The corrosion rate would be the same whether there was only humid air or fast-
dripping water. Thus, the effect of seepage on waste package corrosion would not be significant. But to reduce
uncertainty in environmental conditions and reduce the potential for rockfall to damage the waste package, the
flexible design evaluated in the Final EIS includes a drip shield over the waste package. The drip shield gives
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defense-in-depth and added assurance that the repository would perform adequately to protect the public health and
safety.

DOE has completed several rock-heating tests, and one large underground test continues. These tests suggest that
flow into the heated drifts is highly unlikely. However, the updated analysis performed for the Final EIS
conservatively allows for some degree of seepage into a heated repository. The results of the updated analysis,
however, indicated that this small amount of seepage would have little effect on the engineered system.

7.3 (4158)

Comment - EIS001512 / 0006

The scientist[s] involved insist that by the time a large portion of the radioactive material in the waste packages
could reach groundwater supplies, their concentration would be non-toxic. The non-toxicity of these levels of
groundwater contamination is not an assurance that they would not still be detrimental to humans. Furthermore, if
the water table were to rise or if the water flow in the area surrounding the repository were to change as a result of
heat, the concentrations of radioactive materials contaminating groundwater supplied could also increase. It is
likely, if this were to occur, that the concentration of radioactive materials in groundwater would reach toxic levels.

Response
DOE acknowledges that the performance assessment models discussed in Appendix I of the EIS indicate that,

eventually, the waste packages would fail and that radioactive materials would be released into the underlying
aquifers where they would enter possible exposure pathways to humans. However, the potential exposure routes
and acceptable, long-term concentrations of these materials are subject to the environmental protection standards
promulgated, at the request of Congress, by the Environmental Protection Agency (40 CFR Part 197). The
Department will continue to use the best scientific and engineering techniques available to provide a reasonable
expectation that the repository would meet the requirements of 40 CFR Part 197, thus ensuring the long-term
protection of the general public and the environment.

Section 3.1.4.2.2 of the EIS discusses several opposing views concerning fluctuations in the elevation of the water
table. A small number of investigators believe that the water table at Yucca Mountain has risen in the past to
elevations higher than that of the proposed emplacement horizon beneath Yucca Mountain. Based on the results of
analyses reported in Section 3.1.4.2.2, DOE does not believe that any credible combination of future climate change,
earthquakes, and volcanic eruptions could raise the water table sufficiently high to inundate the emplacement
horizon.

7.3 (4159)

Comment - EIS001512 / 0007

Beyond the uncertainty of the above four DEIS claims, there is fundamental error in the modeling done by the DOE
to assess the environmental consequences of volcanism, seismicity, and human intrusion. In modeling the possible
consequences of these events, the DOE has assumed that only one of these will occur at a time. In other words, the
simulations used to assess the environmental impact of these occurrences do not consider the possibility of an
earthquake and a volcanic eruption at the same time. The DOE admits the likelihood of a thermal pulse 15-25 years
after closure of the repository (DEIS, 1999, 5-10), along with high probability of seismic activity in the area (see
5-16, DEIS, 1999). Modeling the consequences of only one of these possibilities at a time, therefore, incompletely
assesses possible environmental impacts.

Response
Since the publication of the Draft EIS, DOE has updated the Total System Performance Assessment to reflect the

latest available information. The nominal scenario (undisturbed performance) now includes seismic events because
of the likelihood of seismic activity occurring in the 10,000-year compliance period. Igneous activity (or volcanism)
is included in the disruptive event modeling. Because DOE modeled the disruptive event as a perturbation of the
nominal scenario, seismic and volcanic events can occur (in the probabilistic treatment) at effectively the same time.

The impact of the human intrusion event would be so small that its occurrence in conjunction with other events
would be essentially the same.
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7.3 (4161)

Comment - EIS001313 / 0002

Yucca Mountain is a poor site for long-term storage, partly because of the rapid movement of water through the
ground, which would corrode the underground metal containers and wash the waste into the groundwater, creating a
sacrifice zone for a very long time.

Response
As documented in the Waste Package Degradation Process Model Report (DIRS 151624-CRWMS M&O 2000), the

corrosion of a waste package would be insensitive to the amount of water contacting it (as long as there was any
moisture at all). The corrosion rate would be the same whether there was humid air or dripping water. The waste
packages would corrode over time and would release waste into the groundwater. However, the updated analysis in
the Final EIS projects between zero and five waste packages failing due to manufacturing defects. Chapter 5 of the
EIS provides the estimates of potential dose rates, and discusses the uncertainties in those rates.

7.3 (4234)

Comment - EIS001160 / 0049

Examples of possible “worst case” scenarios which should be considered within the FEIS as a means to bound
impact assessment and to identify reasonable mitigation measures include:

Disruptive event (i.e. volcanism, nuclear criticality) of unanticipated nature through repository horizon and of
sufficient force to produce an emission plume and related deposition across White Pine County. Direct impacts
include increased risk to residents and visitors of the County to exposure to radionuclides. Indirect impacts include
enhanced public perception of risk and related area stigmatization.

Response
The EIS does not present a worst-case scenario for dose-to-receptor analysis and calculations because no matter

what worst-case choice was presented, it would be always possible for someone to develop a worse scenario. This
was recognized as a potential issue by the regulators, and in their regulations they settled the issue by prescribing a
modeling approach and identifying the potential dose recipients to be evaluated in the analyses. As part of the
analytical approach, DOE uses a statistical method to sample distributions of variable parameters relating to the
calculation of dose. Realistic distributions of parameters are randomly sampled 300 times and these values are used
for 300 simulations of repository performance, in terms of potential doses to receptors. The simulation results are
used to show the mean and 95th-percentile doses (risks) to receptors.

The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and
volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probability and effect of such events on long-term
radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicate the potential risk, as reported in the EIS.

One change in the Final EIS is the addition of an aerial pathway for release from the analyzed eruptive scenario.
This scenario was added to the three already analyzed in the Draft EIS (Chapter 5, Section 5.7.2, p. 5-43). The dose
rates reported in Chapter 5 are well below the Environmental Protection Agency standards (40 CFR Part 197).

The Department recognizes that there is often a difference between calculated and perceived risk. However, the
Department has focused its analyses upon impacts that can be estimated. It is then up to the decisionmakers and
regulators that represent the public to make informed decisions regarding the future of the project. See Section 2.5.4
and Appendix N of the EIS for treatment of this topic.

7.3 (4316)

Comment - EIS001219 / 0005

The concentration of 70,000 metric tons of high level radioactive waste poses a high threat of overheating, risking
atmospheric releases and all of the canisters will eventually leak, poisoning the ground water.
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Response
The effects of thermal loading on the long-term performance of the proposed repository have been a subject of

intense study and empirical data gathering for several years. Since the publication of the Draft EIS, DOE has
continued to evaluate design features and operating modes that would reduce uncertainties in or improve long-term
repository performance and improve operational safety and efficiency. The design evolution process has resulted in
the development of the flexible design (see Chapter 2 of the Final EIS). In developing the flexible design, DOE
considered the concerns expressed by the Nuclear Waste Technical Review Board about difficulties in reducing
large uncertainties regarding waste package and repository performance related to high (above the boiling point of
water) repository rock temperatures associated with the preliminary design in the Viability Assessment (DIRS
152574-Cohon 2000). The Board suggested that it might be possible to reduce such uncertainties by developing an
adequate technical basis for a lower-temperature repository design.

The flexible design includes the ability to operate the repository in a range of operating modes that address higher
and lower temperatures and associated humidity conditions. Higher-temperature means that at least a portion of the
emplacement drift rock wall would have a maximum temperature above the boiling point of water at the elevation of
the repository [96°C (205°F)]. The lower-temperature operating mode ranges include conditions under which the
drift rock wall temperatures would be below the boiling point of water, and conditions under which the waste
package surface temperatures would not exceed 85°C (185°F). To ensure the impact analysis covered the full range
of potential impacts, DOE considered conditions under which the rock wall temperatures would be above the boiling
point of water, and conditions under which waste package surface temperatures would not exceed 85°C.

The risks of package failures leading to atmospheric releases would be extremely small based on test results and
calculations that consider all plausible features, events, and processes. Eventually, however, the waste packages
would fail to contain the waste. At that time there would be small releases of gases to the atmosphere as well as
releases to the underlying aquifer. With the understanding that absolute assurance of “zero” release of waste
materials is not possible over long periods, the Environmental Protection Agency has promulgated environmental
protection standards for the Yucca Mountain Repository based on the concept of “reasonable expectation” (40 CFR
Part 197). Prior to the Secretary recommending development of the proposed repository, DOE must provide a
reasonable expectation of compliance with these long-term environmental protection standards as well as a
reasonable expectation that the Yucca Mountain site would meet Nuclear Regulatory Commission site suitability
standards (10 CFR Part 63). These regulations have been promulgated to ensure protection of the public and the
environment. Chapter 5 of the Final EIS indicates that the flexible design would meet the environmental protection
standards.

7.3 (4323)
Comment - EIS001222 / 0002
I recommend that this proposal be dropped immediately and permanently for the following reasons:

Any containers holding the waste are vulnerable to decay during the extremely long time that waste continues to be
hazardous (thousands to millions of years). Because many containers could begin to leak at about the same time, it
may be impossible to send people in to repair damaged containers without their receiving a fatal dose of radiation.
This could allow contamination to spread into the surrounding area. Furthermore, leaks could occur long after our
civilization has died out, leaving no one to take proper action to prevent large-scale releases.

If containers do leak and cannot be repaired, it is possible that a sufficient concentration of radioactive material
could exist at some point to begin a chain reaction which could lead to a very serious nuclear explosion and
spreading of radioactive particles over a large portion of the US and the world.

Response
DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. This

EIS provides the Department’s best estimate of the impacts that could occur when the containment system inevitably
degraded. The EIS confirms that the Proposed Action would be expected to result in release of radioactive
contamination to the environment. However, the EIS also shows that these releases under the Proposed Action
would not exceed environmental protection standards (40 CFR Part 197) within 10,000 years of repository closure,
standards specifically enacted to ensure the safety of future generations.
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Federal regulations (10 CFR Part 63) require that the repository be designed to preserve the option of waste retrieval
on a reasonable schedule for as long as 50 years after the start of waste emplacement. Consistent with these
requirements, the operational plan for the Yucca Mountain Repository provides for a design and management
approach that isolates wastes from the public in the future while allowing flexibility to preserve options for
modifying emplacement and retrieving the waste. This design would maintain the ability to retrieve emplaced
materials for at least 100 years and possibly more than 300 years in the event of a decision to retrieve the waste
either to protect the public health and safety or the environment or to recover resources from spent nuclear fuel.

As explained in Section 5.8 of the EIS, DOE believes that an explosive nuclear criticality event would not be
credible. Supporting information, including the scientific bases, regarding nuclear criticality can be found in the
Science and Engineering Report (DIRS 153849-DOE 2001) and its referenced supporting documents.

7.3 (4328)

Comment - EIS001222 / 0007

The wastes will be hazardous long after our civilization has died out. No method to communicate the dangers and
effective handling procedures to future civilizations has been devised. It is highly irresponsible to subject our
descendents to hazards of which they know nothing, especially since it can be so easily avoided.

Response
DOE and other scientific advisory groups continue to study effective means of communicating hazards to future

civilizations. However, the current belief is that the repository area would be identified by monuments designed,
fabricated, and placed to be as permanent as practicable. These monuments would be intended to notify persons in
the area that the repository exists. The notification allows the intruders the option to make informed decisions
regarding the use of the surface and subsurface areas for habitation or other activities. Although the design and
ultimate placement of these monuments is still under study, National Research Council (DIRS 100018-1995)
contains additional information on the subject of human intrusion and long-term passive institutional controls.

7.3 (4572)

Comment - EIS001521 / 0086

Page 9-12, 9.2.8 LONG-TERM REPOSITORY PERFORMANCE, third paragraph, first bullet-- (Long-Term
Performance Measures Under the Proposed Action) Given that the thickness of the unsaturated zone between the
proposed repository horizon and the water table would range from 175 to 365 meters (see page 3-41, fifth
paragraph), saying that the thickness is about 300 meters is incorrect. Hopefully the thickness range, and the lesser
number in particular, was used in designing the engineered-barrier system.

Response
DOE agrees that it would have been more accurate to specify the range of overburden thickness between the surface

and the repository depth. Therefore, the Final EIS was revised to indicate the actual range rather than an
approximation value.

The Total System Performance Assessment of the long-term consequences reported in Chapters 5 and Section 8.3.1
did, in fact, use the actual depth range from the surface to the repository and the actual depth range from the
repository to the regional water table, in a multidimensional modeling approach.

7.3 (4578)

Comment - EIS001521 /0092

Pages 1-88 through 1-96, Figures 1-27 through I-35, respectively--Very few faults are shown on the base maps of
these figures and as such, they misrepresent the complex faulted-geologic structure that is representative of the
Yucca Mountain area. By looking at these figures one would conclude that not one major, or minor, fault is
coincident with the location of a proposed repository block and this simply is not true! An accurate depiction should
be shown on all figures.

Response
The level of detail for Figures I-27 through 1-35 of the Draft EIS was appropriate to the purpose of each of these

figures. Major block-bounding faults shown in these figures were for the purpose of assisting the reader to visualize
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the location of the repository blocks relative to major geologic structures. Section 3.1.3.2 presents the details of
mapped fault structures at the Yucca Mountain site. No figures like these appear in the Final EIS.

7.3 (4607)

Comment - EIS001430 / 0004

I note that Long term (100 to 10,000 years) impacts also seem to be pretty well bounded but with more uncertainty
(e.g. Table 5-3, page 5-22). However, impacts beyond 10,000 years seem to need more study, indeed, DOE is
planning additional studies as discussed on page 5-13. I would hope that results would be available for the final
EIS. If not, the mitigation measure to delay closure up to 300 years (p. 9-16) is recommended.

Response
The additional studies referred to in the Draft EIS are continuing. Some results from those studies have provided

refinements for the analysis in the Final EIS, especially in the areas of engineered barrier degradation and
radionuclide mobilization. The refinements include the use of more experimental data, accounting for more process
coupling in the near field, refined and expanded colloid transport models, and other modeling and basis data
changes. DOE agrees that the robustness of the engineered barrier system would dominate early behavior (up to
10,000 years) and that modeling and data related to mobilization and transport become much more important in
analyzing impacts for the longer period (1 million years). The ongoing studies have helped provide a more refined
forecast of very long-term behavior.

Decisions on mitigation measures such as a delay of closure to 300 years would depend on many considerations,
which could include postclosure performance. While the projected 1-million-year performance could play a role in
such decisions, other equally important factors might not favor such a move.

7.3 (4641)

Comment - EIS001164 / 0002

Another part of the assumptions built into the analysis are the hydrologic assumptions. I have spent my life in a
profession that is just now awakening to the fact that climate has changed pretty dramatically and is going to change
very dramatically in the future. That may not be a problem for the present generation, but of course, it’s a
tremendous problem for future generations, and it’s for the future generations that really motivates me to come here
because we are proposing to dispose of nuclear waste that will be toxic for longer than all civilizations have existed
on earth. That is frankly an immoral act.

Response
DOE is committed to protecting public health and safety and the environment, both current and future, by designing

a suitable repository for the Nation’s radioactive waste. Climate is one of the important considerations in analyzing
the future behavior of the proposed repository. As discussed in Section 5.2.4.1 of the EIS, no one can predict future
climate exactly. However, based on past climatic conditions and long-term climate cycles, possible future climates
can be postulated. The long-term performance analysis in this EIS considered the effects of these future climates by
including a pattern of wetter and cooler climates as indicated by the geologic record.

7.3 (4780)

Comment - EIS001519 / 0006

It is impossible to guarantee the safety and functionality of the storage canisters over the long term in regards to the
construction of the canisters. Primarily, the actual canisters have not been built yet. Only blueprints exist from
which the DOE has made predictions. In addition, seismic events or corrosion and destruction of the surrounding
rock by the intense heat from the decaying fuel could subject the canisters to extreme pressures or weights that could
cause them to rupture. Faulty canister construction would also present the possibility of waste fuel contaminating
the area.

Response
The experiments and analyses documented in the Waste Package Degradation Process Model Report (DIRS

151624-CRWMS M&O 2000) provide the basis for the waste package modeling and life expectancies. This report
identifies and discusses each potential waste package degradation mode. The degradation model includes those
modes that analyses did not screen out as highly improbable.
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The longevity of the waste package is a principal factor in the repository safety case. The evaluation of alternative
waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years for the
reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions. This
container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a high-
nickel alloy (Alloy-22). However, the updated analysis in the Final EIS projects between zero and three packages
failing due to manufacturing defects.

Obviously, there is uncertainty associated with the extrapolation of experimental results for such long periods and
for the other human factors mentioned in the comment. DOE selected the design analyzed in the Final EIS to
mitigate the uncertainties by adding features (such as the drip shield) to provide defense-in-depth. This provides
greater assurance that the repository would meet its performance standards in the face of uncertainty.

7.3 (4814)

Comment - EIS000938 / 0009

Volume II, Page I-9 through I-12. What is the conclusion or impact of these [nuclides] on public health both in the
repository and during transportation to the site? Page I-14, Table I-9, why was the performance assessment
calculations only modeled to the year 2055 when some of the materials have a half life of over a million years?

Response
Chapter 4 of the EIS describes the short-term (about 100 years) impacts resulting from construction, operation and

monitoring, and eventual closure of the repository. Similarly, Chapter 5 describes the potential long-term impacts
related to the expected performance of the repository for up to 1 million years after closure. In addition, Chapter 6
describes the impacts of transporting spent nuclear fuel and high-level radioactive waste from 77 sites in the United
States to Yucca Mountain. Consistent with the National Environmental Policy Act process, DOE has presented
environmental information in the EIS without conclusions as to whether the level of environmental impacts may be
acceptably small or unacceptably large. These are in essence policy decisions that will ultimately be made by the
President and Congress, if necessary, based, in part, on recommendation of the Secretary of Energy.

Table I-9 of the Draft EIS summarizes radioactivity data for the nine radionuclides modeled in the long-term
performance assessment calculations using inventories projected through to 2055. DOE conservatively assumed
2055 because that year would include all of the spent nuclear fuel and high-level radioactive waste projected to be
generated at commercial and DOE sites as well as all Greater-Than-Class-C low-level waste resulting from the
decontamination and decommissioning of commercial nuclear reactors. The periods for analyzing public health
impacts and estimating peak dose rates are 10,000 years and 1 million years, respectively. Note that further
ingrowth of radionuclides and reduction of some others by decay after 2055 is accounted for in the long-term
performance analysis.

7.3 (4840)

Comment - EIS001340 / 0001

In EIS Report Chapter 2.4.1. Proposed Action and No-Action Alternative: Under scenario 2, EIS assumes in 100
years there would be no effective institutional controls at present storage facilities, allowing for possible leakage due
to deterioration of stored canisters, but in Yucca [Mountain], storage after 110 or 120 years, if it’s possible for casks
to leak on sites now after 100 years. What happens to casks or canisters underground in the proposed Yucca
[Mountain] site when they do the reclamation they propose and cover all tunnels, fill in shafts and remove all signs
of entrances and the canisters then overheat or start to leak?

The metal canisters being experimented with by infallible man did not hold up to the expectations. There would be
no way to retrieve them after closure of the site. When the cooling shafts are filled in and tunnels closed off
unexpected temperatures could create the previous mentioned volcanic eruptions of radioactive materials into the
atmosphere under such pressure it could go much further than any previously thought accident occurrences. Its hard
for me to conceive a cooldown of this waste in only 100 to 120 years when it’s actively dangerous for up to 250,000
years!

Response
Section 2.1.2.4 of the EIS discusses the steps DOE would take to close the Yucca Mountain Repository. Since the

publication of the Draft EIS, the Department has modified the repository design to include drip shields over the
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waste packages and forced ventilation during the operation and monitoring phase. The drip shields would be placed
over the waste packages immediately before closure. The forced ventilation would end when DOE closed the
repository. The current design does not involve the placement of backfill over waste packages.

DOE selected the waste package materials and designed the packages to function in the postclosure environment.
This includes heating of the packages over several hundred to 1,000 years as a result of radioactive decay of the
wastes. Over a span of about a few thousand years, DOE estimates that the temperature in the repository
environment would return to preemplacement conditions. Under the higher-temperature operating mode of the
updated design discussed in the Final EIS, DOE anticipates that only a small portion of the rock would be above
100°C (212°F) for a relatively short period. The waste packages would experience slightly higher temperatures.
These temperatures would not result in volcanic activity at Yucca Mountain.

The updated analysis in the Final EIS indicates that only one or two waste packages would be likely to fail in the
first 10,000 years. However, the analysis also indicates that over long periods, water would eventually contact the
waste packages, that the packages would ultimately corrode, and that waste materials would be released from the
repository.

Prior to recommendation of the Yucca Mountain site for development of a geologic repository, DOE would have to
provide a reasonable expectation that the repository could meet the environmental protections standards (40 CFR
Part 197) developed by the EPA to protect human health and the environment.

7.3 (4881)

Comment - EIS000337 / 0021

Pg. 5-23, 4th par, last sentence: “...DOE believes the performance results of this EIS are conservative estimates....”
The question to be asked, “Who knows how conservative the DOE estimates are?”

Response
The probabilistic approach (Monte Carlo method) to the impact simulations that DOE uses in the long-term

performance analysis in this EIS is intended to account for uncertainty in data and models. All the principal data
used in the simulations for the long-term impacts are distributions or ranges. These parameter distributions use
conservative assumptions when there is insufficient information available to provide reasonable expectation that the
estimated consequences are not underestimated. In the EIS, the results of the of the multiple simulations are
presented in terms of mean and 95th percentile values, which represent the likely consequence and the consequence
level where 95 percent of the simulations are less than the reported value, respectively. The spread of these values
provides insight into the level of uncertainty and conservatism.

7.3 (4883)

Comment - EIS000337 / 0023

Pg. 5-37, last par, 3rd line: “...zirconium alloy would provide some impediment...if the waste package was
breached.” Another example of adjectives that have no meaning in an engineering report.

Response
This comment cites a statement in Section 5.4.4 of the Draft EIS that summarizes results of a quantitative analysis.

Table 5-16 lists the impact results.

7.3 (5418)

Comment - EIS001887 /0119

Page 2-57; Section 2.1.4.2 - Design Features and Alternatives to Control the Thermal/Moisture Environment in the
Repository

Any continuous postclosure ventilation considerations should eliminate all options that result in postclosure
openings from the interior of Yucca Mountain to the surface. (See Appendix E at E.2.2.3). Any openings would
constitute a large and unacceptable uncertainty in postclosure performance that could not be mitigated. Site
characterization studies have shown that, due to the fractured nature of the rock, Yucca Mountain is a naturally
ventilated setting above the water table. This fact must be taken into account in long-term performance assessment.
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Response
Table 2-4 of the Draft EIS contained an error that suggested that DOE considered continuous postclosure ventilation

to be part of every Enhanced Design Alternative. Section E.2.2.3, correctly indicated that all Enhanced Design
Alternatives except one included preclosure — but not postclosure — continuous ventilation.

The Draft EIS evaluated the preliminary design concept described in the Viability Assessment of a Repository at
Yucca Mountain (DIRS 101779-DOE 1998) for repository surface facilities, and disposal containers (waste
packages). It also evaluated the plans for the construction, operation and monitoring, and closure of the repository.
To ensure flexibility to future decisionmakers, the Draft EIS reported that DOE was designing a repository with the
capability for closure as early as 50 years or as late as 300 years after the start of emplacement.

DOE recognized before it published the Draft EIS that plans for a repository would continue to evolve during the
development of a final repository design and as a result of any licensing review of the repository by the Nuclear
Regulatory Commission. The design evolution resulted in the flexible design evaluated in the Supplement to the
Draft EIS and subsequently integrated into the Final EIS. The Supplement to the Draft EIS incorporates new
information, including an improved understanding of the interactions of potential repository features with the natural
environment, the addition of design features for enhanced waste containment and isolation, and evolving regulatory
requirements.

For the reasons stated above, DOE developed analytical scenarios to estimate the range of environmental impacts
that could result from the Proposed Action for the analyses performed for the Supplement to the Draft EIS. These
analytical scenarios include the low, intermediate, and high thermal load scenarios presented in the Draft EIS, as
well as the higher- and lower-temperature repository operating modes being considered for the flexible design.
Section 2.2.1 of the Supplement summarizes the operational parameters for the three thermal load scenarios
analyzed in the Draft EIS and the two repository operating modes analyzed in the Supplement. Section 2.2.2.2
describes the operational parameters for the higher- and lower-temperature operating modes. The lower-temperature
operating mode considered for the flexible design included evaluation of a postemplacement ventilation period as
long as 300 years. However, at the present time, continuous postclosure ventilation is not an option under
consideration for the flexible design and, therefore, has not been included in the evaluation of long-term
performance presented in Chapter 5 of the Final EIS. Chapter 2 of the Final EIS states that only postemplacement
ventilation is under consideration for the flexible design. If postclosure continuous ventilation became incorporated
in a future design, DOE would conduct the evaluations suggested in the comment.

7.3 (5444)

Comment - EIS001887 /0136

Page 2-75; Table 2-7 - Impacts Associated with the Proposed Action and No-Action Alternative

Long-term air quality: It is possible that there would be carbon-14 releases to the air from the postclosure repository.
It is incorrect to say there would be no air releases.

Response
It is true that there could be postclosure releases of carbon-14 to the air from the repository. In fact, all of the very

small carbon-14 releases estimated in Section 5.5 of the Draft EIS were predicted to occur after repository closure.
In addition, Chapters 5 and 8 of the Final EIS now include analyses of atmospheric releases of radon-222 in the
postclosure environment. Therefore, Table 2-7 has been revised in the Final EIS to reflect the appropriate impacts.

7.3 (5632)

Comment - 010062 / 0003

I noted the stated radionuclides that may be water soluble. What percentage of the waste packages will these be
within spent fuel rods for how long before deterioration/decay? I assume a substantial portion of the cask’s content
is water-soluble radionuclides initially, since all isotopes of uranium are reportedly water soluble.

Response
In the simulations of long-term performance all of the radionuclides are considered to be water-soluble. The

solubilities and rates of dissolution are characterized in the models for release of material after a package is
breached. The solubilities are input as ranges of possible numbers in a statistical distribution and are very important
to the results that are reported in the EIS.

CR7-140



| Main Index I |V0| 3 Index ||

Comment-Response Document

7.3 (5650)
Comment - EIS001887 / 0268
Page 5-6; Section 5.1 - Inventory for Performance Assessment Calculations

Plutonium should be included in both the radionuclide inventory assessment and the chemical toxicity assessment.
Recent evidence indicates that plutonium moves more quickly than originally thought.

Response
As described in Section 1.3.2.1 of the Draft EIS (Section 1.3.2 of the Final EIS), the radiological toxicity of

plutonium far exceeds its chemical toxicity. In addition, while there are established radiological limits for exposure
to plutonium, there are no such limits for chemical toxicity. Therefore, because DOE thoroughly evaluated the
radiological consequences of plutonium, it did not analyze it for chemical toxicity.

Recent evidence indicates that plutonium moves more quickly in groundwater than originally thought. This is
believed to be due to its association with colloids. The models discussed in Appendix I of the Final EIS include
colloid-facilitated transport of plutonium. This modeling is informed by both experimental and analytical work, and
benefited from observations made on the Nevada Test Site where plutonium was found to be associated with
colloids in groundwater.

7.3 (5656)

Comment - EIS001887 /0276

Page 5-17; Section 5.2.4.1 - Uncertainty Associated With Societal Changes, Climate, and Other Long-Term
Phenomena

The statement regarding benefits from future human activities such as technology for radiation removal from water
and the environment and cures for cancer is not relevant in this Draft EIS. These concepts cannot be offered or
committed to as mitigation measures and surely cannot be justified as an excuse for releasing radionuclides to the
environment. This statement should be removed.

The time and magnitude of the projected peak dose is sensitive to the idealized climate cycle pulses. The
uncertainty associated with the superpluvial pulses should be illustrated.

This section fails to include the potential for global climate change to affect repository performance and
environmental consequences. The oversight also exists in Section 5.9, page 5-46, Consequences to Biological
Resources and Soils. The section does address the thermal loading effect (Table 5-18, page 5-47) to biological
resources and soil. However, the potential temperature increases are overly conservative and their estimated ranges
from low to high are ignored. Clearly, there is a potential for vegetation to disappear above the repository and for
the soil cover to be eroded away. The consequences of this to the site’s geohydrology and repository performance
should be addressed in Section 5.4.1, 5.4.2, and 5.4.3. These weaknesses exist because DOE failed to adopt an
ecosystem approach for the Draft EIS, as recommended in Attachments [to this comment document] F, G, K, and L
and by Bartlett and Malone (1993), Clark and Canter (1977), and Salk and others (1998).

Response
DOE agrees that the potential benefits from future developments, such as radiation removal technology and cancer

cures, are not relevant to this Proposed Action and that such benefits do not justify releasing radionuclides to the
environment. Section 5.2.4.1 of the EIS specifically notes that DOE did not take such benefits into account.

Global climate cycles and superpluvial pulses would affect repository performance, and the time and magnitude of
the projected peak dose. As stated in Section 5.2.4.1, estimates of future climatic conditions are based on what is
known about the past, with consideration given to climate impacts caused by human activities. DOE based updates
to the model representing global climate change on the latest research of the U.S. Geological Survey and the Desert
Research Institute. The long-term performance analysis in this EIS captures the uncertainty associated with the
superpluvial pulses, and this EIS presents sensitivity analyses to indicate the effect of such pulses on overall system
performance.
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Since the publication of the Viability Assessment for a Repository at Yucca Mountain (DIRS 101779-DOE 1998)
and the Draft EIS, DOE has evaluated different thermal management strategies for lower- and higher-temperature
operating modes. As a result, the design basis for the proposed repository has evolved. The thermal load is
determined by such factors as inventory, burnup, number and mix of assemblies per waste package, age from
discharge, staging receipt and emplacement of assemblies, spacing of waste packages and drifts, ventilation rates
and periods, and the overall repository footprint. The thermal load would affect the temperature distributions in the
engineered system, the near-field environment, the geologic environment, and the surface temperature of soils in the
accessible environment. DOE has evaluated these temperature distributions and the coupled thermal-hydrological-
chemical-mechanical effects on repository performance.

Section 5.9 of the EIS describes impacts to surface soils, vegetation, erosion, runoff, and plant and animal habitats.
Table 5-15 lists predicted increases in soil temperature as a function of depth for the high thermal load scenario.
Although not modeled, the magnitude of the increase in soil temperature would be smaller for the low and
intermediate thermal loads. Thus, DOE agrees that the predicted temperature increases listed in Table 5-15 would be
a conservative upper limit. Section 5.9 specifically acknowledges that there is a potential for diminished vegetation
and soil erosion. These, in turn, could lead to an increase in sediment load in the surface runoff from Yucca
Mountain.

Sections 5.4.1, 5.4.2, and 5.4.3 of the Draft EIS consider the radiological consequences of the potential future
release and migration of radionuclides from the repository for the high, intermediate, and low thermal load
scenarios, respectively. The consequences would occur because of the hydrogeologic conditions of the Yucca
Mountain area, which are documented in the Viability Assessment (DIRS 101779-DOE 1998) and its companion
11-volume Technical Basis Document (DIRS 108000-CRWMS M&O 1998). Soil erosion localized over the
repository footprint of several hundred acres would have little impact on the regional groundwater flow system
comprising an area of hundreds of square miles. Thus, the EIS evaluates the influence of hydrogeologic conditions
on repository performance, not the converse.

Section 3.1.5 of the EIS acknowledges the opposing views of the State of Nevada, Malone and others to an
integrated ecosystem approach. DOE relied on extensive interdisciplinary collaboration to evaluate system impacts.
When applicable, the Department adopted the concepts of ecosystem management of the Council on Environmental
Quality (DIRS 155275-CEQ 1993), as required by DOE Policy 430.1, Land and Facility Use Planning. DOE has
conducted extensive studies of the ecosystem surrounding Yucca Mountain for many years, and used the results of
those studies to make decisions necessary to maintain or improve ecosystem integrity and diversity and to predict
future impacts of the Proposed Action. Appendix C summarizes DOE interactions with state and Federal agencies
to ensure protection of the ecosystem. For example, it has interacted with the National Park Service to protect
pupfish and with the U.S. Fish and Wildlife Service to protect desert tortoises, the only species in the repository land
withdrawal area that is listed as threatened under the Endangered Species Act. Therefore, DOE believes that the
assessment methods it used to develop the EIS were extensive, consistent with the regulatory framework provided
by 40 CFR 1502.25 and 10 CFR 1021.341(b), and sufficient for evaluating potential impacts of the Proposed Action.

7.3 (5657)
Comment - EIS001887 / 0275
Page 5-16; Section 5.2.3.6 - Nuclear Criticality

The Draft EIS should provide more information as to what “minor effects” a nuclear criticality incident would have
on repository performance and what analysis was performed to support this conclusion.

Response
Section 5.8 of the EIS summarizes the impacts of a nuclear criticality on repository performance. Updated analyses

regarding criticality have been completed since the publication of the Draft EIS. This EIS summarizes the results of
these analyses. This summarization is based on analyses documented in the Science and Engineering Report (DIRS
153849-DOE 2001) and its referenced supporting documents.

The results of these analyses indicate that for a steady-state in-package criticality, the additional heat output is only
about 2 kilowatts per package, which is inconsequential compared with the overall repository heat load.
Additionally, a small increase in the radionuclide inventory (25 percent increase in total radioactivity in one waste
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package) would occur. Because of the small increases in radioactivity and heat output, there is no chance that the
waste package and the engineered barrier system could be mechanically disrupted by a criticality.

In the unlikely event that an external criticality occurred, the resultant increase in the radionuclide inventory would
be very small.

7.3 (5659)
Comment - EIS001887 / 0278
Page 5-20; Section 5.2.4.3.2 - Weighting of Alternative Conceptual Models

The reference designs of the repository and waste package in the Draft EIS are not the designs currently under
consideration. This alone undermines DOE’s ability to use the TSPA [Total System Performance Assessment]
results in this Draft EIS for selection of the preferred alternative.

There has been considerable debate over the actual flow paths that would be followed by the radionuclides released
from the repository. Modeling results performed by the State of Nevada (Lehman and Brown, 1994, Lehman and
Brown, 1995) indicate major differences may exist in flow path direction, velocity, and sorptive capability compared
to that used in the latest assessments by DOE, including the Draft EIS, if all data sets are utilized.

By failing to evaluate credible alternative models or opposing views of the saturated zone, DOE is not in compliance
with NEPA [National Environmental Policy Act]. Being out of compliance with NEPA means automatic
noncompliance with the NWPA. DOE is specifically out of compliance with NEPA 1502 for not summarizing,
discussing, or using important data sets. DOE has failed to evaluate credible opposing viewpoints and does not
propose testing to reduce uncertainty in the choice between alternative conceptual flowpaths. (See Attachment [to
this comment document] U for a more detailed discussion of this issue.)

Response
The EIS now contains analysis of the updated design and incorporates a refined Total System Performance

Assessment model (DIRS 153246-CRWMS M&O 2000) that includes many new modeling approaches. The new
modeling approaches account for many alternative conceptual models, including the ones mentioned in the
comment.

The Saturated Zone Flow and Transport Process Model Report (DIRS 151948-CRWMS M&O 2000) describes
alternative conceptual models of the saturated zone flow system. Specifically, it discusses the model presented by
Lehman and Brown (DIRS 149173-1996; DIRS 101254-1998). The main difference between the models is the
length of the flowpath through the alluvium. In the performance assessment calculations for the Final EIS, the
length of the flowpath through the alluvium was varied to account for uncertainty. Furthermore, DOE used data
obtained by Nye County to support the saturated zone model and help define the uncertainty range for the alluvium
flowpath length.

7.3 (5664)

Comment - EIS001887 / 0283

Page 5-27; Section 5.4.1 - Consequences from the Groundwater Exposure Pathway for the High Thermal Load
Scenario

The assumption that radionuclides would mix in the unsaturated zone has no basis. DOE’s own statement, on page
5-10, implies that DOE cannot adequately model the unsaturated zone.

Diluting the concentration of the yearly infiltration from Yucca Mountain into the 17.3 million cubic meters of water
use in Amargosa Valley is not conservative. Data from Nye County drilling indicates that the flow is
compartmentalized, and there would not be a large amount of dilution of the radionuclides. This statement applies
also to the similar dilution used in the Intermediate and Low Thermal Load scenarios.

Response
The approach to modeling reflected in the Supplement to the Draft EIS and the Final EIS (see Sections 5.4.2 and 1.2)

is very different from that described in the Draft EIS. The saturated zone model in the new model approach is a
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three-dimensional model that provides a more realistic representation of the very small amount of mixing in the
saturated zone between the proposed repository and the reasonably maximally exposed individual (RMEI) location
at approximately 18 kilometers (11 miles). The radionuclide flux arriving at the RMEI location is diluted in a water
usage by a hypothetical farming community at that location, as prescribed in the Environmental Protection Agency
standard at 40 CFR Part 197. This usage is sampled in a range of approximately 890 to 3,370 acre-feet per year with
an average of about 1,940 acre-feet per year. Increasing mixing is allowed in the flow path from 18 kilometers to

60 kilometers (37 miles) because the aquifer changes from mostly fractured rock to mostly alluvial deposits (sand
and gravel) in this region (see Section 5.4.1).

The dose to the RMEI and to the individual with RMEI characteristics but located at other distances is derived from
this new approach. The approach in the Draft EIS was used because the modeling was one-dimensional, so that a
scaling approach was necessary. The results of the new model indicate that the Draft EIS approach was probably
quite reasonable and perhaps somewhat conservative.

7.3 (5668)
Comment - EIS001887 / 0286
Page 5-30; Table 5-7 - Peak Radionuclide Concentrations

The Draft EIS should provide Maximum Contaminant Levels (MCLs) as set by EPA [Environmental Protection
Agency] for drinking water systems to compare with the peak radionuclide concentrations given in this table.

Response
Section 3.1.4.2.2 of the EIS discusses saturated groundwater quality. The parameters include average combined

radium-226 and —228, average gross alpha, average total uranium, average gross beta, and average radon-222. The
results of sampling analyses at Yucca Mountain and in the region are listed in Table 3-19. Applicable Maximum
Contaminant Level Goals are also listed in the table. DOE elected to list these values here rather than in Table 5-7
because it considers them to be part of the baseline or affected environment. The accompanying text states that
analyses also included tritium, carbon-14, chlorine-36, nickel-59, strontium-89 and —90, technetium-99, iodine-129,
and cesium-137. Parameters were listed only if concentrations were above a minimum detectable activity level. In
the Final EIS, DOE has added Table 3-12 to show Maximum Contaminant Level Goals for nonradiological
chemicals.

7.3 (5669)
Comment - EIS001887 / 0290
Page 5-38; Section 5.5 - Atmospheric Radiological Consequences

What analysis supports the expectation that Iodine-129 will dissolve in the groundwater rather than migrating as a
gas?

Response
The amount of iodine-129 going to the atmosphere versus that going to water is governed (in the case of a

reasonably slow process) by the vapor-liquid equilibrium between dissolved iodine and iodine-bearing vapor in the
gas phase. A dominant species with the highest tendency toward the vapor phase would be hydrogen iodide. At
25°C (77°F), the partial pressure of hydrogen iodide over a 56-percent aqueous solution (very high concentration) is
0.10 millimeters of mercury. Ifit is assumed that the repository is at about standard pressure (760 millimeters of
mercury), then the mole fraction of the hydrogen iodide in the air over that aqueous solution is 0.00013 or 0.06
weight percent (DIRS 104946-Perry and Chilton 1973). Thus, the partitioning of iodine in a very concentrated
solution greatly favors the liquid phase. In a very dilute concentration of 4-percent iodine the vapor phase would be
at 0.00064 millimeter of mercury and, therefore, 8.4 x 107 mole fraction or 0.00004 weight percent (DIRS 104946-
Perry and Chilton 1973). Thus, at low concentrations there is a 10,000-to-1 bias toward the liquid; at very high
concentration this becomes a 1,000-to-1 bias. It is a reasonable assumption that essentially all of the iodine would
go to the water. If the temperature was much higher, there would probably be a tendency for the iodine to be more
predominant in the vapor phase but, because only a few (zero to three, and possibly as many as five) waste packages
would fail before the repository had cooled back to ambient conditions, this would not be a factor.
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7.3 (5671)
Comment - EIS001887 / 0291
Page 5-38; Section 5.5.1 - Carbon-14 Source Term

This analysis is highly sensitive to the large uncertainties in waste package and cladding degradation models. The
uncertainty in the source term associated with these two factors should be discussed in this section.

Response
The commenter is correct that atmospheric radioactive material impacts are sensitive to the uncertainties in the

waste package and cladding degradation models. As discussed in Section 1.7.1 of the Draft EIS, the impacts from
the atmospheric release of carbon-14 were estimated using expected value models for waste package and cladding
performance. DOE believes the simplifying assumption used in these models is appropriate given the
inconsequential impact estimates.

7.3 (5672)
Comment - EIS001887 / 0293
Page 5-39; Section 5.6.1 - Human Health Impacts From Chromium, and Table 5-17

At the 5 and 20 km locations, the expected chromium concentrations are relatively close to the Maximum
Contaminant Level Goal (MCL) and highly subject to uncertainty in waste package failure expectations (and at

20 km, the saturated zone flow model). A slight (but not unreasonable) change in the assumption regarding juvenile
waste package failures would result in the Maximum Contaminant Level Goal being exceeded. The conclusion that,
for the high and intermediate thermal load alternatives, “DOE anticipates no detrimental impacts to water quality
due to chromium contamination” (Page 5-40) is not justified when reasonable uncertainties are taken into account.
The analysis is also somewhat sensitive to the waste package design, which, in the Draft EIS, is not the same as that
being currently considered. The current design is likely to permit more rapid mobilization of chromium.

Response
As noted by the commenter, the waste package design in the Final EIS is different from the design in the Draft EIS.

There is quite a bit more Alloy-22 used in the updated design, much of which would be exposed on the outside of
the waste package and supports. However, because of the presence of titanium drip shields, water is not expected to
reach much of the chromium-bearing material for 10,000 years after closure. Thus during this period, the most
important mechanisms for mobilization of the chromium is the very slow humid-air corrosion of the exposed
surfaces under the drip shields and diffusive transport of dissolved materials to the unsaturated zone water. To
evaluate the potential outcome of these processes, a conservative calculation was made assuming that all the
exposed chromium material would corrode in the humid air and immediately dissolve in the unsaturated zone water.
All of this material is then diluted in the standard average uptake in a well at 18 kilometers (11 miles). The results
showed concentrations well below the Maximum Contaminant Level Goal for chromium (see Section 1.6 of
Appendix I of the EIS). Because of the conservative nature of these calculations, DOE believes it is very unlikely
that actual concentrations would be much larger.

7.3 (5674)
Comment - EIS001887 / 0294
Page 5-40; Section 5.6.2 - Human Health Impacts From Molybdenum

The above comments regarding chromium also apply to molybdenum in terms of the amount of metal that could be
mobilized if uncertainty due to a single assumption regarding juvenile waste package failure and the current waste
package design are taken into account. The lack of a drinking water standard is not a justification for releases of
molybdenum into groundwater in amounts similar to chromium, especially when adverse effects of molybdenum in
water used by livestock have been documented for years.

Response
Concerning molybdenum, Alloy-22 contains 13.5 percent molybdenum. Maximally corroded waste packages and

other components containing Alloy-22 would release molybdenum in a manner similar to that of chromium but with
a lower activity. Section 5.6 of the EIS states that the estimated 10,000-year peak concentration of chromium in
groundwater, based on releases from the preferred repository design, would fall well below present Environmental
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Protection Agency guidelines for chromium in groundwater. Although there are no specific standards for
molybdenum concentration in drinking water, low concentrations of dissolved molybdenum occur in most public
water supplies. There is no established general heath hazard associated with public water supplies with this range of
dissolved molybdenum. The concentrations in approved public water supplies are in the range of dissolved
molybdenum that would be likely to be released from the proposed Yucca Mountain Repository. Therefore, DOE
does not expect potential molybdenum health hazards associated with the use of Alloy-22.

7.3 (5675)
Comment - EIS001887 / 0295
Page 5-42; Section 5.7 - Consequences From Disruptive Events

Because of the wide range of uncertainty associated with the base case dose calculations and the questionable
representativeness of the mean of the model realizations, the base case performance should be represented by the
95th percentile of the calculations rather than the mean.

Response
This EIS contains revised calculations of the consequences from the base case (now called nominal scenario) and

from disruptive events. The results of these calculations discuss both mean and 95th-percentile estimates. DOE
included the mean value because the regulators require it.

7.3 (5683)
Comment - EIS001887 / 0299
Page 5-48; Section 5.9 - Consequences to Biological Resources and Soils

The discussion of estimated doses from irrigation water and discharge at Franklin Lake Playa should indicate that
the time period considered is 10,000 years. As seen in the referenced Draft EIS sections, peak doses, even at 20 km,
could be as high as 1.4 rem/year. None of the peak doses calculated can be considered small and would certainly
exceed any standard established for a repository.

Response
DOE agrees that readability could have been improved by stating that the doses referenced on page 5-48 of the Draft

EIS were the 10,000-year peak doses. However, the updated analysis for the flexible design in the Final EIS
predicts that releases during the first 10,000 years after repository closure would be very small and, therefore,
impacts to biological resources and soils would be expected to be very small. The 10,000-year period following
closure of the repository is clearly defined in the Final EIS as the compliance period consistent with the
Environmental Protection Agency Yucca Mountain environmental protection standards (40 CFR Part 197).

In addition to estimating doses during the 10,000-year compliance period, DOE performed analyses to determine
peak doses during the 1-million-year period following repository closure. However, the Department agrees with the
Environmental Protection Agency that there would be considerable uncertainty associated with projections for tens
of thousands to hundreds of thousands of years. As the Agency notes in 40 CFR Part 197, “Simply because such
models can provide projections for those time periods does not mean that those projections are either meaningful for
decisionmakers or accurate.” The peak dose rates are included in the EIS as a best estimate of a range of possible
impacts given the long periods and uncertainties involved. However, because of the large uncertainties associated
with these post-10,000-year peak doses, DOE believes that the estimation of impacts that could arise from these
doses would be too speculative to be useful to the decisionmaking process and has therefore limited the results for
postcompliance periods to consequences (that is, dose).

7.3 (5757)
Comment - EIS001887 / 0360
Page 10-2; Section 10.1.1.3 - Hydrology

This section of the Draft EIS should point out that the resultant peak doses expected from releases of radionuclides
to the groundwater are much larger than considered acceptable under any reasonable standard. To illustrate the
extent of expected contamination, reference should be made to Table 8-41 on page 8-63, which provides peak dose
calculations at various distances from the waste emplacement area. It must also be recognized that the Proposed
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Action results in an irreversible commitment of groundwater in Amargosa Valley, Franklin Lake Playa, and springs
in Death Valley to contamination by radionuclides at a level that makes the water unfit for human use and a
significant danger to the environment.

Response
Chapters 5 and 8 of the EIS describe peak dose rates for the Proposed Action and the cumulative effects of possible

past, present, and reasonably foreseeable actions, respectively. Chapter 10 of the EIS, which includes a discussion
of irreversible impacts, was prepared pursuant to the Council on Environmental Quality regulations (40 CFR
1502.16) that require the consideration of any irreversible or irretrievable commitments of resources that would be
involved in the proposal should it be implemented. In that context, DOE is most concerned with the repository and
associated actions and believes reference to cumulative impacts would mask the incremental contribution the
repository could have on resource commitments.

As described in Section 3.1.4 of the EIS, DOE has conducted an extensive program to characterize the direction and
nature of groundwater flow from the Yucca Mountain site. The general path of water that percolates through Yucca
Mountain is southward toward the Town of Amargosa Valley, then beneath the area around Death Valley Junction
in the southern Amargosa Desert. The groundwater beneath Yucca Mountain merges and mixes with groundwater
beneath Fortymile Wash. This groundwater then flows toward, and mixes with, the large groundwater reservoir in
the Amargosa Desert. The natural discharge point of this groundwater occurs farther south in Franklin Lake Playa,
an area of extensive evapotranspiration, although a minor volume may flow south toward Tecopa into the southern
Death Valley area. A fraction of the groundwater may flow through fractures in the relatively impermeable
Precambrian rocks at the southeastern end of the Funeral Mountains toward springs in the Furnace Creek area of
Death Valley. Potentiometric data indicate that a divide could exist in the Funeral Mountains between Amargosa
Desert and Death Valley. This divide would limit discharge from the shallow flow system, but would not
necessarily affect the flow from the deeper carbonate aquifer that may contribute discharge to springs in the Furnace
Creek area (DIRS 100465-Luckey et al. 1996). Potential Furnace Creek area impacts would be less than the low
impacts described in Chapter 5 for Franklin Lake Playa because impacts would decline with distance from the
repository.

The Nuclear Regulatory Commission and the Environmental Protection Agency have developed standards for the
long-term performance of the proposed repository. These standards would apply to the first 10,000 years, and the
EIS analyses indicate that the repository would meet them.

As appropriate, DOE will continue to evaluate physical locations that the annual peak dose could affect and perform
analysis consistent with the risk identified. DOE will also continue to focus its attention at the point of regulatory
compliance, which represents a location where impacts would be most likely given the greater possibility for
groundwater withdrawal at this location.

7.3 (5759)
Comment - EIS001887 / 0365
Page 10-9; Section 10.2.1.2 - Hydrology

The last statement in this section is specious, at best. Yucca Mountain will result in contamination of a large aquifer
and surface water expressions, and the shipping campaign could cause the contamination of many major and minor
water bodies throughout the U.S. The perception given by this statement is that it is acceptable to contaminate water
in Nevada, but not anywhere else.

Response
DOE acknowledges that some contamination of the aquifers in the Yucca Mountain region could occur. However,

the EIS shows that the timing would be very long and the amount of contamination would be very low and within
established regulatory standards, which were developed to ensure acceptable human health and environmental
impacts. Only minimal surface contamination would occur at Franklin Lake Playa. This is an area of ephemeral
surface water, and the impacts would be very low in relation to the standards. The analysis of transportation
alternatives indicates no radiological contamination of water bodies of the United States.
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The minimal potential impacts to Nevada water bodies would be less than the potentially larger impacts to water
bodies near the large population centers in proximity to the generator sites. Chapter 7 of the EIS contains a
discussion of the potential of leaving the waste material at commercial nuclear power plants and DOE sites.

7.3 (5775)
Comment - EIS001887 / 0377
Multi-Barrier Concept

Contrary to how a permanent geologic repository is intended to perform under the Nuclear Waste Policy Act, the
geological formation is not proposed as the primary containment barrier at Yucca Mountain. Instead, the packaging,
consisting of the fuel matrix itself, the fuel rod cladding, and the double wall package must function as the primary
containment barrier. Once radionuclides move from the fuel matrix and the waste package, the Yucca Mountain
geologic setting provides little resistance. Under the Proposed Action, the function of the geologic setting at Yucca
Mountain to merely to decrease the likelihood of human intrusion.

The waste package design in the Draft EIS (not the design currently used by DOE) consists of an outer wall, 10-cm
thick layer of carbon steel (corrosion-allowance material) and an inner 2-cm layer of chromium-molybdenum
Alloy-22 (corrosion-resistant material). (p. 1-34) The computer software WAPDEG quantifies the range of
expected degradation. The major factors are temperature and moisture. WAPDEG evaluates generalized and
localized corrosion. Corrosion of carbon steel generally begins when the temperature of water is below the boiling
point. (p. I-35)

According to these theoretical models, by 5,000 years, nearly every package has a single corrosion-allowance
material breach. (page I-40) By 20,000 to 30,000 years, corrosion-resistant material is also breached. High thermal
loads generate the earliest breaches. Spent fuel dissolution depends critically on temperature, carbonate
concentration, and pH.

DOE calculates the dose for a reference person in the Amargosa Valley — an adult, who lives year-round on a farm,
grows a garden, and raises livestock. (page 1-48)

In addition to food, radiation pathways considered by DOE include incidental ingestion of contaminated soil and
groundshine. (page I-49) It is not clear that the radiation pathway, dust resuspension, was considered. DOE
conducted a survey to determine food consumption habits in Amargosa Valley. To calculate health effects from
radioactive input, DOE used ICRP-30 dose conversion factors. It is important to note that the more recent dose
conversion factors from ICRP-60 would have allowed DOE to also calculate the dose to children rather than a
reference adult, which would likely have resulted in higher dose calculations. Four locations to estimate doses were
considered — 5, 20, 30, and 80 kilometers distant. As calculated, the maximum peak dose would occur well after
10,000 years. For 10,000 years, the highest dose would be at 5 km. (page [-51) The first failure for the
intermediate thermal load scenario is 9,000 years after repository closure. (page I-52) For the low thermal load
case, the first failure occurs at 27,000 years after repository closure.

DOE has high expectations for the containment potential of the cladding. Not taking credit for the cladding
increases the mean dose at 20 km from 0.22 mr/y [millirem per year] to 5.4 mr/y at 10,000 years. (page [-54) At
1,000,000 years, the doses can be quite high, 260 mr/y at 20 km with cladding credit, and 3,000 mr/y without
cladding credit. These latter doses are extremely high, far above regulatory limits and entirely unacceptable.

Note: Because the performance assessment for long-term repository performance used in this DEIS is not the one
that will be used in the FEIS to support site recommendation, no further review of Appendix I was undertaken. For
this reason alone, the DEIS is insufficient.

Response
The design and performance of the repository as described in the Draft EIS and in the Final EIS are not contrary to

the Nuclear Waste Policy Act of 1982, which calls for the use of a deep geologic repository for the disposal but does
not prohibit the use of engineered systems as part of the facility. The Act also calls for the location of repository in
a deep geologic medium but does not set down any specific requirement that the primary containment be the
geologic system. Section 2(18) of the Act defines the repository as follows:
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“The term repository means any system licensed by the Commission that is intended to be used for, or may be used
for, the permanent deep geologic disposal of high-level radioactive waste and spent nuclear fuel, whether or not such
system is designed to permit the recovery, for a limited period during initial operation, of any materials placed in
such system. Such term includes both surface and subsurface areas at which high-level radioactive waste and spent
nuclear fuel handling activities are conducted.”

The use of a multiple barrier system for accomplishing the isolation and providing a defense-in-depth approach is
also identified, as is the need for possible retrieval of the material if deemed necessary during the operations and
monitoring period:

“Such criteria shall provide for the use of a system of multiple barriers in the design of the repository and shall
include such restrictions on the retrievability of the solidified high-level radioactive waste and spent fuel emplaced
in the repository as the Commission deems appropriate.” (Section 121(b)(1)B of the NWPA)

Several items indicate that the Yucca Mountain disposal concept, as described in this EIS, is indeed a geologic
disposal concept. First, there is the reliance on the geology after eventual waste package failure to (1) contain those
radionuclides that have a very low natural solubility in this geologic setting; and (2) control the movement of the
more soluble fraction of radionuclides by having relatively little water available to aid movement. Of that more
soluble fraction, the cationic (positively charged) radionuclide species are expected to be strongly sorbed to the
minerals of the underlying tuff rock layers. Finally, the depth to water in the geology under and adjacent to Yucca
Mountain essentially prevents inadvertent use of water for small-scale domestic or agricultural purposes until almost
20 kilometers south of the proposed repository.

Part of the compliance strategy is a defense-in-depth approach where various components of the engineered and
natural system supply independent attenuation of dose impacts. To support the defense-in-depth case, a number of
analyses have been performed where the contribution of individual components has been minimized by assuming a
95-percent failure of the component. The results, reported in the Science and Engineering Report (DIRS 153849-
DOE 2001) indicate that the system is quite robust even with failures of individual components.

Refined models of the cladding have been developed as a result of additional available data and considerable effort
since the Draft EIS. The new models are very conservative yet they indicate only minor cladding failures beyond
the initial assumed failures for very long times. A sensitivity study of the contribution of cladding to the overall
system performance presented in the Science and Engineering Report indicates that peak dose increases about 40
percent when the cladding is assumed to have failed completely (DIRS 153849-DOE 2001). This would increase
the peak annual committed effective dose equivalent for the current design from about 150 millirem (about 40
percent of background) to about 210 millirem (about 60 percent of background).

In the Final EIS, the typical receptor is assumed to be an adult living at the distance chosen for the analysis. Only
the impacts to this representative adult are presented in the EIS. DOE has determined that this amount of
information is sufficient to identify the potential risks relative to making a decision under the applicable Federal
regulations.

With regard to estimating dose to special groups within the general population (for example, children, pregnant
women, and the fetus), DOE recognizes that metabolic models weighting factors [such as those described in ICRP
(DIRS 101836-1991)] are constantly under study and refinement. This research will no doubt continue into the
future. For this reason, DOE has decided to use the methodology specified by the regulatory standards for the
Yucca Mountain Repository promulgated by the Environmental Protection Agency (40 CFR Part 197) and the
Nuclear Regulatory Commission (10 CFR Part 63). This method of dosimetry is fully described in (DIRS 101075-
ICRP 1979; DIRS 110351-ICRP 1980; and DIRS 110352-ICRP 1981). The dose conversion factors derived from
this methodology and used in the EIS are provided in Federal Guidance Reports 11 and 12 (DIRS 101069-
Eckerman, Wolbarst, and Richardson 1988 and DIRS 107684-Eckerman and Ryman 1993, respectively). In
addition, the EIS has incorporated the reasonably maximally exposed individual (RMEI) concept, described in the
preamble to 40 CFR Part 197, to project potential doses for long periods. In specifying its use, the Environmental
Protection Agency stated that it believes:
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“. .. that the RMEI approach is sufficiently conservative and that it is fully protective of the general population
(including women and children, the very young, the elderly, and the infirm). The risk factor upon which the dose
level was established is very small, 5 chances in 10,000,000 per rem for fatal cancer. The lifetime risk then is this
factor multiplied by the total dose received in each year of the individual’s lifetime. We believe that the risk prior to
birth is very similar to this risk level; however, relative to the rest of that individual’s lifetime, the difference is
small.”

In addition, the Environmental Protection Agency defines the reasonably maximally exposed individual as an
individual that has the food and water intake rates, diet, and physiology similar to those individuals in communities
currently living in the downgradient direction of flow of the groundwater passing under Yucca Mountain. Thus, in
estimating the risks to humans, DOE chose factors typical of individuals living in the Yucca Mountain region of
influence, such as lifestyle, diet, water usage, farming and agricultural practices, and environmental parameters, that
would lead to the highest exposures.

DOE recognizes that the Environmental Protection Agency has recently published an age-specific risk factor of 5.75
chances in 10 million per millirem for fatal cancer (DIRS 153733-EPA 2000). However, for the EIS, DOE used the
values of 5.0 and 4.0 chances in 10 million per millirem for fatal cancer as recommended by the International
Commission on Radiological Protection (DIRS 101836-ICRP 1991). Both the Environmental Protection Agency
and DOE recognize that there are large uncertainties associated with these risk factors as expressed by the National
Council on Radiation Protection and Measurements comment on the result of their uncertainty analysis in the risk
coefficients that “ ... show a range (90 percent confidence intervals) of uncertainty values for the lifetime risk for
both a population of all ages and an adult worker population from about a factor of 2.5 to 3 below and above the
50th percentile value” (DIRS 101884-NCRP 1997). DOE believes that the 15-percent difference in these risk
factors is well within other uncertainties and would provide little additional information to the decisionmaking
process that this document informs. For these reasons, DOE will continue to use risk factors recommended by the
International Commission on Radiological Protection in its National Environmental Policy Act documents.

Chapter 5 of the EIS states the consequences of two repository operating modes in terms of radiological dose and
converted to incremental lifetime risk (70 years) of contracting a fatal cancer. The estimates in the EIS assume a
risk of 0.0005 latent cancer per millirem for members of the public, based on risk estimates provided by the National
Council on Radiation Protection and Measurements (DIRS 101856-NCRP 1993). Thus, there is no appreciable
difference between the lifetime risk factors of the Environmental Protection Agency and National Council on
Radiation Protection and Measurements, both of which capture the increased sensitivity of the fetus and children.

The Final EIS contains long-term performance results based on the newer design and improved models for Total
System Performance Assessment.

7.3 (5942)

Comment - EIS001622 / 0045

Page 5-10, last paragraph. DOE states that water “would drip into the repository but only in a relative few
(emphasis added) places.” What percentage of the repository does DOE estimate will be affected by dripping
water?

Response
The percentage of the repository waste packages predicted to be subject to dripping varies with the climate, the

thermal-hydrologic state, and the region of the repository. For example, the Draft EIS reported that under the high
thermal load scenario for the present-day (dry) climate and expected (nonstochastic) values, the fraction of waste
packages affected by dripping water for modeled repository regions 1 through 6 would range from 0.0082 to 0.093.

Similarly, for the long-term average climate the fraction would range from 0.23 to 0.33 for these six regions. For
the superpluvial climate used in the Draft EIS, the range was from 0.42 to 0.49 for regions 1 through 6. These
values are illustrative in that they are deterministic (expected mean) values for a single thermal load scenario, and
will differ for the other thermal load scenarios and vary stochastically in the full simulations used to prepare the
long-term consequences.
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Chapter 5 of the Final EIS presents results from analyses updated from those in the Draft EIS, in terms of design and
climate and natural system modeling. The general pattern discussed above has not changed dramatically except that
drip shields now afford further protection, and the superpluvial climate is now incorporated as a short-duration
characteristic of any pluvial state. The latter change is reflected in the input parameter distribution for the pluvial
condition of future climate.

The waste packages are subject to local and regional changes induced by these changing climatic conditions,
sequentially, during the simulation. Using the above ranges from the Draft EIS, less than 1 percent of the waste
packages would be dripped on under the present-day climate, but roughly 20 to 33 percent would be dripped on
under potential future climates. If there were an equivalent episode corresponding to the Draft EIS superpluvial
climate, about 45 percent of waste packages would see drips over a short duration. Waste package failure would
occur over very long times, so that many waste packages would only be subject to dripping conditions during the
wetter climates, and would be dry between. The releases that lead to the long-term consequences reported in
Chapter 5 of the Draft EIS incorporated all of this information, and these models have been updated for the analyses
reported in the Final EIS.

Experimental data, as documented in the Waste Package Degradation Process Model Report (DIRS 151624-
CRWMS M&O 2000), show the corrosion of the waste package would be insensitive to the amount of water
contacting it (as long as there was any water). The corrosion rate would be the same whether there was humid air or
dripping water. The effect of seepage on waste package corrosion would not be significant.

7.3 (5975)

Comment - EIS001879 / 0007

The impacts of Yucca Mountain on the County’s precious water resources are also of paramount concern. The Draft
EIS confirms that proposed action will result in the release of radioactive contamination into the only source of
water available to the community of Amargosa Valley; only the timing and magnitude of the releases are uncertain.
Additionally, the proposed action has the potential to render the water supplies of the Town of Pahrump and all of
southeastern Nye County vulnerable to contamination. The DOE’s hypothetical maximally exposed individuals
will, in reality, be Nye County citizens, real people with real families. The United States must guarantee that the
future generations of Nye County residents will have a reliable supply of safe water.

Response
As stated in the comment, the EIS confirms that the Proposed Action would be likely to result in the release of

radioactive contamination into the saturated zone that provides water to the community of Amargosa Valley.
However, the EIS shows that these releases would well below regulatory standards within 10,000 years of repository
closure, standards specifically enacted to ensure the safety of future generations.

The general direction of groundwater flow from the Yucca Mountain site is south, with Franklin Lake Playa the
most likely surface discharge point. Because Pahrump is southeast of Yucca Mountain and considerably out of the
groundwater flow path, that community would not likely experience any groundwater impact.

7.3 (5982)

Comment - 010140 / 0004

Table 3-14, this table absolutely says there’s no engineered barrier failure before 10,000 years. This is very
optimistic and is based on a new magic bullet alloy. DOE wants the reader to believe that within one year the
corrosion rates have decreased in either temperature scenario so as to have no failures. This is very suspect.

The last line of the table indicates that the actinides have a half-life of less than a million years. This is not true. All
the waste packages have failed and I’d like to know what the controlling parameter was that made it only 800,000
years.

Response
DOE based the development of models that predict the performance of corrosion-resistant, nickel-based Alloy-22 in

the repository on data from research literature and testing (including long- and short-term tests). The Department
performs long-term tests under expected repository conditions, and short-term tests under expected repository
conditions and very aggressive conditions. The American Society for Testing and Materials codified this approach
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in a standard procedure (DIRS 105725-ASTM 1998). Analyses of the tests used a suite of tools, including standard
microstructural evaluation and atomic force microscopy, which permits the examination of surface films in such
great detail that even very slow degradation rates can be evaluated. DOE would continue to test samples of
Alloy-22 and other alloys that would be exposed in the repository and in the laboratory for decades to confirm the
results collected to date. In addition, DOE would explore analogs of Alloy-22 to provide confidence in its long-term
performance.

DOE based its selection of materials on input from independent experts and laboratory tests, and from the actual
performance of materials in full-size industrial applications. The corrosion tests involve Alloy-22 and other
candidate waste package materials subjected to environments that are at least as aggressive as any expected inside
Yucca Mountain. DOE would continue these tests during waste emplacement operations to confirm the expected
waste package performance.

In the Final EIS, analyses have been refined and include early failures caused by defects in the waste package. The
results show a very small dose from these failures. See Section 5.4 for more details.

7.3 (5988)

Comment - EIS001879 / 0012

The evaluation of chemically toxic constituents does not account for background concentrations that are already in
the groundwater, decay products, nor the contribution from underground testing areas and other contaminant sources
on the Nevada Test Site (NTS). The first constituent in Table I-13, barium, is used for illustrative purposes, but
these comments apply to other toxic constituents as well. Table I-10 gives the inventory of barium placed in the
repository as 19,000 kilograms and Table I-13 summarizes the release concentration for barium from the release of
high-level radioactive waste due to the corrosion of a waste container using a “series of simple calculations.” Based
on this methodology, barium was eliminated from further detailed analysis. However, the “series of simple
calculations” fails to account for a number or factors.

If a leak from Yucca Mountain occurs, the concentration of barium in the groundwater will depend upon a number
of factors including the form of the barium (as a salt such as barium sulfate or as a metal hydroxide resulting from
the decay of dissolved cesium), the chemistry of the water (particularly the sulfate concentration), the chemistry of
the formations through which the water flows (particularly with respect to whether or not reducing or oxidizing
environments are present), and the ion activity of the Group IIA alkaline earth metals and the anionic species
(typically Cl, SOy, F,CO;, HCO;, etc.).

The ultimate concentration of barium (or any other constituent for that matter) must be based upon an understanding
of the natural baseline concentration and the three potential additional sources: 1) the quantity released from the
wastes and/or waste package; 2) the quantity resulting from the decay of radioactive isotopes released from the
wastes or CRUD; and 3) the quantity that could be contributed from the underground testing areas located on the
NTS. In assessing the total inventory of barium that will be released, the Draft EIS does not take into account the
decay of cesium to barium. Cesium will be released from the dissolution of the waste materials and any cesium
released will be fully decayed to barium in about 1,000 years. Any release of cesium from the repository, or its
decay products, could lead to a significant increase in the barium concentration in the groundwater above the levels
shown in Table I-13. After only one half-life for cesium (30 years), more than 23,000 kilograms of barium will have
been created through the decay of cesium, an increase in the total barium inventory of more than 100 percent. The
EIS should be revised to account for the decay of cesium, other toxic constituents, and the decay products of
radionuclides in the evaluation of release concentrations and subsequent wellhead concentrations.

The release of barium from the wastes and/or waste package will depend largely on the specific barium salt (or salts)
that form in the repository and the sulfate concentrations in the near field. Other anions available from the wastes
and/or waste package may locally increase the solubility of barium to levels that effectively overwhelm the available
sulfate through precipitation with a corresponding reduction in the sulfate concentration and a corresponding
increase in solubility. A “front” of barium-enriched water may thus migrate away from the leaks in the repository in
the form of a plume of contaminated groundwater.

The basis for the barium concentration limit listed in Table I-13 is not given in the Draft EIS. Table I-11 lists source
concentrations for some toxic materials based upon solubility in repository water but does not include barium.
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Given that natural concentrations of barium in public water supply systems in the United States average 0.043 mg/L
[milligram per liter] and that the groundwater down gradient of Yucca Mountain has barium concentrations as high
as 0.04 mg/L, the concentration limit of 0.00412 mg/L listed in Table I-13 is obviously too low. Similarly, the
concentration limit listed in Table I-13 for manganese is 4.4 x 10-11 mg/L but the concentrations as high as 0.1
mg/L are known to occur in the groundwater down gradient of Yucca Mountain, almost ten orders of magnitude
greater than the concentration limit listed in Table I-13. The rationale for selecting the constituents listed in

Table I-13 should be presented in the EIS along with a clear explanation of how the concentration limits were
derived and an explanation of why some of the contaminants occur at background concentrations one to ten orders
of magnitude above the “concentration limit” listed in Table I-13.

The EIS must be revised to accurately present the concentrations of chemically toxic and radioactive constituents in
the groundwater. The use of a “series of simple calculations” must not be used in lieu of more accurate tools,
specifically chemical models that can account for the complexities of multiple contaminant sources, different
receiving waters, variations in the formations through which the flow occurs, and the contribution of nonradiologic
contaminants from the decay of radionuclides.

The dilution factors given for the chemically toxic materials are questionable (page 1-19, Table I-13, and
accompanying text). The Draft EIS gives no rationale for an order of magnitude dilution for the saturated zone.
Presumably this factor is from the Total System Performance Assessment (TSPA). However, the TSPA clearly
indicates that dilution factors may be as low as 1.0 or as high as 72. Thus the saturated zone dilution factor (based
upon 100 realizations of the conditional, axiomatic performance assessment models) would range from one full
order of magnitude less to 70 times greater than the value used in the Draft EIS calculations. A conservative
approach based on simple calculations should use conservative values based upon the range of outcomes from the
models, rather than a single expected value. The EIS should be revised accordingly.

With respect to the unsaturated zone, the Draft EIS used the ratio of the total cross-sectional of all waste packages to
the total surface area of the repository. This simple approach takes the maximum credit for dilution. When coupled
with the equally simplistic annual fractional release rates given on page I-18, the resulting approach is not
conservative.

The well concentrations listed in Table I-13 and the accompanying text does not give any indication of the time
since the release or the distance to the “well.” The EIS should be revised to include this information. If the “well”
is located at the point of the leak, then it should be so stated in the EIS.

With respect to the contribution of contamination from the NTS, the Draft EIS states (page 8-76) that the estimate of
the maximum potential dose from the underground testing area has a high degree of uncertainty but that “the use of
bounding assumptions ensures that any reduction in uncertainty would only lower the already low estimated
impact.” The statement is inconsistent with the assumptions used in the analysis regarding the removal of
technetium through precipitation caused by reducing conditions along the carbonate aquifer flow paths, dilution in
uncontaminated water from recharge over the NTS, and aquifer mixing with transport. These assumptions all tend
to dilute the dose and are thus not conservative.

For example, technetium would not be removed unless flow is through carbonate aquifers, which has not been
established over most areas and is known to be a hydraulic impossibility in some areas where the head in the
carbonate aquifer is above the volcanic confining units. Recharge is not equally distributed over the testing areas so
any uniform dilution with bulk recharge over the NTS would not result in a conservative dose estimate; rather, the
approach takes the maximum credit for dilution from recharge. Assuming that all of the underground testing
inventory would migrate through the same locations as releases from the repository is, as correctly stated in the
Draft EIS, a conservative approach. However, without much more detail concerning the other assumptions and what
specific dilution factors were used in the analysis, it is misleading for the Draft EIS to characterize the overall results
as being conservative. The results are presented to the nearest 0.01 millirem, which implies a much greater degree
of certainty than actually exists. The EIS should be revised to clearly state the assumptions, the values of the
dilution factors that were used, and the uncertainty in the results.

Given all of these considerations, the wellhead concentrations listed in Table I-13 may not represent reasonably
expected conditions, and must be recalculated and revised to include the baseline natural concentrations, the toxic
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materials generated by the decay of radioactive constituents, a range of dilution factors, and realistic concentration
limits.

The Draft EIS does not clearly present how the concentrations used in the screening process and presented in Table
I-13 relate to the concentrations presented in Table 5-17. The value presented in Table I-13 for the well
concentration of chromium is 1.1 mg/L while the highest value in Table 5-17 is only 0.037 mg/L. These values
suggest that chromium released from the repository at a maximum concentration of 300 mg/L is diluted by a factor
of 8, 100 in only five km of transport. Such a large dilution factor is not considered likely and there is insufficient
information given in the Draft EIS Chapter 5, Appendix I, and the TSPA to determine the validity of the numbers
presented. The specific methods used in calculating the concentrations for chromium listed in Table 5-17 should be
given. The EIS and its supporting documents should be revised so that the methods used in modeling the
concentrations are clear and can be tracked by readers and decision makers.

With regard to Table 5-5, the text of the Draft EIS states, “(T)he values in Table 5-5 include a scaling factor for
water use.” The EIS should be revised to state the scaling factor value, and the rationale for the use of the scaling
factor.

Later in the same paragraph the Draft EIS states, “The performance assessment transport model calculated the dose
rates for the maximally exposed individual assuming dissolved radionuclides would mix only in water that flowed
through the unsaturated zone of Yucca Mountain with no further mixing in the saturated zone aquifer. Infiltration
through the Yucca Mountain repository accounts for only about 27,000 cubic meters of water per year. This
compares to an annual water use in the Amargosa Valley of about 17.3 million cubic meters. The analysis diluted
the concentration of the nuclides in the 27,000 cubic meters of water throughout the 17.3 million cubic meters
of water prior to calculating the population dose,” (emphasis added).

The rationale for the three order-of-magnitude dilution factor and resulting doses and latent cancer fatality (LCF)
probabilities should be clearly stated in the EIS as being an artifact of the use of a 1990 population distribution and
the use of an assumed dilution factor that is based on the entire water production of the hydrographic basin without
regard for where that production occurs. The population of Amargosa Valley has gown since the 1990 census and
Nye County projections suggest that growth in this community will continue into the foreseeable future. The use of
the 1990 census data results in an overall analysis that is not conservative.

The dilution factor is not correct as it includes water that is not along the flow path between Yucca Mountain and a
receptor population. For example, in 1998, more than 2,000 acre-feet of groundwater was used by the Barrick
Bullfrog mine and the American Borate operations. The groundwater was produced from areas that are not between
Yucca Mountain and the receptor population. The inclusion of the agricultural water production in the dilution
factor is also questionable. In 1998, more than 12,000 acre-feet of groundwater were pumped for irrigation in
Amargosa Desert. Only a portion of this production was derived from areas between Yucca Mountain and the
receptor population, that is, from the area where the simulated plume would occur.

Finally there is some question as to whether or not any dilution factor of this type should be included at all. The
approach used assumes that dilution will occur in direct proportion to the water extracted, and this might not be true.
If the contamination were the result of a one-time release, then the contaminants would probably be diluted to some
extent depending upon the location of the drinking water supply wells with respect to the contaminant plume. The
contamination will be continuous, however, at the annual release rates provided in Section 1.3.2.3.2 (page I-18) of
the Draft EIS and will thus be far less likely to be diluted.

Receptors who rely on water pumped from a well having a capture zone that intercepts a portion of a plume will
drink water that has contaminant concentrations represented by the relative proportions of the capture zone
intercepting and not intercepting the plume. As the capture zone of a well is directly proportional to the volume
pumped and the duration of pumping (and is also affected by the aquifer mechanics and the hydraulic gradient), a
domestic well will typically exhibit a very small capture zone while an agricultural production well will have a
much larger capture zone. Thus, the well of concern, that is the one used to supply drinking water, is likely to have
far less dilution than an agricultural production well. The use of a simplistic approach toward dilution based on total
water withdrawals is certainly not conservative and the evaluations should be revised using a range of realistic
dilution factors.
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Response
The basis for eliminating most chemical elements has changed in the Final EIS. Because of the new design, there

would be a limited number of waste package failures in the first 10,000 years (one to three and possibly as many as
five) and only a small fraction would fail even at 50,000 years. Therefore, an insignificant quantity of chemical
constituents inside the package containment would be released in the first 10,000 years, the maximum period for
evaluation of hazardous constituents. Constituents outside the waste package such as chromium from Alloy-22 have
been further evaluated in the updated Appendix I and reported in Chapter 5. The inventory of barium has been
corrected in the Final EIS to account for ingrowth from cesium decay. It should be noted however, that the “simple
calculations” in the Draft EIS were conservative in nature because maximum source terms were calculated. All
complex processes thereafter serve only to attenuate the value of these “simple calculations.”

7.3 (5995)
Comment - EIS001879 / 0022
Comment: p. 5-39, Section 5.6 Consequences of Chemically Toxic Materials

An evaluation of the human health impacts from lead should be included in this section.

Response
DOE used a preanalysis (called a “screening analysis”) in the EIS to determine if any potentially toxic materials

would have a likelihood of producing a significant impact if they leaked from the repository. Section 1.3.2.3.2 of the
Draft EIS describes the first stage of the screening analysis. Using a very conservative estimate, the largest
concentration of lead projected to reach a well 20 kilometers (12 miles) away would be a small percentage of the
Maximum Concentration Level for lead (0.015 milligram per liter as established in 40 CFR 141.2; see Table I-13 of
the Draft EIS.) This was the basis for eliminating lead from further evaluation, and the work to incorporate the new
design strengthens this conclusion.

7.3 (5997)

Comment - EIS001879 / 0025

With regard to the groundwater measures under the proposed action, it must be clearly stated in the Draft EIS that in
spite of all of the wonderful characteristics of the site, the Performance Assessment results indicate that the
repository will leak and that the groundwater will be contaminated.

The statement that, “The sparsely populated hydrogeologic basin into which groundwater from Yucca Mountain
flows is closed, providing a barrier to a general spread of radionuclides in the event waste packages were breached
and radionuclides reached groundwater” is incorrect, misleading, and should be deleted from the EIS. The Jackass
Flats hydrographic basin is not closed nor is the Amargosa Desert hydrographic basin. There is no barrier between
the general spread of radionuclides from the repository to receptor populations in Nye County.

Response
DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. This

EIS provides the Department’s best estimate of the impacts that could occur when the containment system inevitably
degraded. The updated analysis in the Final EIS projects that the Proposed Action would likely result in extremely
small releases of radioactive contamination to the environment in the first 10,000 years after repository closure
(more than 100,000 times less than the individual protection standard set by 40 CFR Part 197), which would be
between zero and five packages projected to fail due to manufacturing defects.

DOE has conducted an extensive program to determine the suitability of the Yucca Mountain site for a geologic
repository. DOE recognizes that additional data would further define the flow system and reduce uncertainties about
the interactions among the alluvial, volcanic, and carbonate aquifers in the saturated zone. Studies are planned to
gather this information. Section 2.1.2.3 of the EIS describes the types of tests, experiments, and analyses that DOE
would conduct as performance confirmation activities. This program would continue for perhaps for more than

300 years after the end of waste emplacement (through closure of the repository as described in Section 2.1.2.4).
The purpose of the performance confirmation program is to determine if the repository is performing as predicted
and discussed in Chapter 5 of the EIS.
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DOE has initiated a program to evaluate the hydrologic processes in the saturated zone, particularly the
hydrogeologic relationships between the volcanic, alluvial, and carbonate aquifers. This is currently being
addressed through a cooperative agreement between Nye County and DOE, referred to as the Early Warning
Drilling Program. Recent results from this program have been incorporated into the Final EIS; this program is
described briefly in the next paragraphs.

The purpose of the Early Warning Drilling Program is to characterize and monitor the saturated zone along possible
transport pathways from Yucca Mountain. DOE would continue to characterize the saturated zone south of Yucca
Mountain through simultaneously collecting data from this program, in addition to using data obtained by Nye
County scientists. These data would be used to refine the understanding of flow and transport mechanics in the
saturated alluvium and valley-fill material south of the repository, and to update conceptual and numerical models.

In addition to the Early Warning Drilling Program, a series of test wells is planned along the groundwater flow path
between the Yucca Mountain site and the town of Amargosa Valley as part of an Alluvial Testing Complex. The
objective of this program is to better characterize the alluvial deposits beneath Fortymile Wash to strengthen the
basis of the site-scale saturated flow and transport model. Single-well and multiwell tracer tests will be conducted
using both reactive and conservative tracers. DOE supports continuing research in all aspects of the geology or
hydrology that enhances the understanding of the site. If any critical information should be found, DOE would re-
evaluate its impact on the suitability of the site.

7.3 (6027)

Comment - EIS001898 / 0001

In preparing the FEIS, NRC [Nuclear Regulatory Commission] also requests that DOE consider relevant technical
comments previously submitted by the NRC. The NRC has provided such technical comments in reports on specific
technical issues and in comments on DOE’s Viability Assessment in June 1999.

The comments on the Viability Assessment also address the issue of quality assurance (QA). DOE’s application of
a rigorous and effective QA program is crucial to its ability to demonstrate the validity of its findings and analyses
in any license application. The NRC staff will continue to evaluate DOE’s efforts to implement an effective QA
program.

Response
DOE has an ongoing program to address Nuclear Regulatory Commission comments on the Viability Assessment

and other technical issues, largely as they have been translated into its comprehensive listing of scientific modeling
issues in the Commission’s Issue Resolution Status Reports (see, for example, DIRS 135160-Bell 1996; DIRS
154605-NRC 2000). Not all technical issues raised by the Commission are closed, but DOE has made and will
continue to make a good faith effort to address each issue to the extent practicable. As reported in the Final EIS, the
Department has made a number of modifications to the design of the repository and to the Total System
Performance Assessment model that address Commission concerns. As of September 2001, the Key Technical
Issues have all been declared “Closed-Pending” by the Commission.

DOE has made a similar best effort to address the status of model validation and data quality assurance. The
Department recognizes that it needs to apply a rigorous and effective quality assurance program, and that doing so
will be crucial to demonstrating the validity of findings and analyses in any License Application. In response to
previous Nuclear Regulatory Commission comments in this area, DOE has established a schedule for achieving
quality assurance goals by the time of the License Application, if Yucca Mountain is found suitable and approved
for development of a repository. DOE has met interim quality assurance goals for the Site Recommendation phase.

In the September 6, 2001, Quarterly Meeting with the Nuclear Regulatory Commission, DOE outlined the transition
plans for the respective quality assurance programs which would support becoming a licensee. The Commission
indicated further evaluation of implementation of these plans would take place in approximately 6 months.

7.3 (6106)

Comment - EIS001654 / 0052

Another example of such potential confusion to the layperson is Table 5-7 displaying “peak radionuclide
concentrations” in picocuries per liter for ten different radionuclides at four distances from the repository with both
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mean and 95th percentile consequences. Such data may be helpful to the scientists involved in the repository design
or later in license application review, but it lacks meaning to the non-expert.

What is the meaning of population dose? It is presented in terms of “person-rem.” There is a definition in the box
on page 5-25, but we are unaware that there is a proposed standard for such a parameter. It is calculated for the
three thermal load cases but the explanation of the value of the data is not clearly presented.

Put another way, which data is the most appropriate figure of merit for radiological consequences:

e  Peak dose rate (millirem/year)
e  Population dose (person-rem), or
e Peak radionuclide concentrations (picocuries/liter)?

This section (5.4) should be revised and tied in more explicitly to the EPA [Environmental Protection Agency]
proposed standards.

Finally, it would be helpful to make notation on all charts, such as Figure 5-4, when non-linear scales are use used.

Response
DOE carefully designed the formats of the tables in Chapter 5, such as Table 5-7 of the Draft EIS, to present the

complex results of a stochastic analysis as simply as possible. The EIS must meet often-conflicting demands to be
technically accurate and to acknowledge uncertainty, and at the same time to communicate impacts to the public.
DOE used mean and 95th-percentile consequences to provide a sense of the expected behavior of the system and an
acknowledgement of the prospect of poorer performance that would be possible given the uncertainties. DOE
believes that this strikes a balance between the detailed presentation of full stochastic results (which might indeed
interest only scientists involved in repository design) and the presentation of a single value that would fail to
acknowledge the system uncertainty.

The population dose is the sum of individual doses in a defined population. It is a commonly used measurement for
expressing impacts to a population rather than a defined individual. The commenter is correct in that there is no
standard for this measurement. However, because there is interest in impacts to populations as well as to a
reasonably maximally exposed individual, DOE has included it in the analysis.

Each measurement mentioned (peak annual individual dose, population dose, groundwater protection consequences)
is appropriate for different purposes. For proposed regulatory standards expressed in terms of peak individual dose
limits (or public interest in the highest dose to an individual), the peak annual individual dose (millirem) is
appropriate. For interest in impacts for the local population as a whole, the population dose (person-rem) is
appropriate. For groundwater protection standards (in addition to health-based dose standards), the peak
radionuclide concentration (picocuries per liter) or drinking water dose (millirem per year) is appropriate.

The Environmental Protection Agency had not released its proposed Environmental Radiation Protection Standards
for Yucca Mountain, Nevada (64 FR 46976, August 27, 1999) when DOE published the Draft EIS. The results
described in the Final EIS address the final standards and include other information that may be of interest to the
public and decisionmakers.

The suggestion to use additional notation to point out the use of nonlinear scales in figures is a helpful one, and
DOE has inserted the additional notation in the relevant figures.

7.3 (6275)

Comment - EIS001639 / 0003

The EIS is flawed in that discussions concerning waterborne radiological consequences are vague. The tables and
conclusions can not be independently verified because the various tables are presented with inconsistent units and
without enough information to verify the conversion calculations. It is also impossible to trace information from
one table to another. As a result the conclusions of the waterborne radiological consequences as presented are
unverifiable.
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Response
Without specific knowledge of which tables or calculations concern the commenter, DOE cannot make corrections

or revisions to the EIS. In general, however, DOE acknowledges the complexity of the issues considered in the EIS
and has extensively revised the document to improve readability. With regard to the presentation of quantitative
information in the EIS (the presentation of numerical estimates, standard use of units, conversion factors, etc.),
interested readers will need to read the cited reference material for a complete understanding of the derivation of]
and interrelationships between, specific entries. Because of the volume and complexity of supporting documents, it
is not feasible to publish the reference material as part of the EIS. Information on these documents is available from
DOE on the Internet (Www.ymp.gov) and at DOE Reading Rooms (listed in Appendix D).

7.3 (6278)

Comment - EIS001639 / 0005

When exploring the effects of a 27,000 cubic meter spill of contaminated ground water into the water supply of
Amargosa Valley the EIS assumes dilution of the contaminates into the valley’s entire yearly water usage of 17.3
million cubic meters. Clearly, the contamination would occur over a very short period and should have been diluted
over the period of the spill. This calculation probably would have far exceeded the safe level of allowable
radionuclides.

Response
The purpose of the repository is to protect the public health and safety as required by the regulations, such as the

Nuclear Regulatory Commission regulations specifying licensing criteria at 10 CFR Part 63. The regulation
specifies the critical group to protect, its location, and how to calculate the dose rate to the critical group based on
the annual radionuclide release rate 20 kilometers (12 miles) from the repository and the annual water usage of the
critical group.

The 27,000 cubic meters (7.1 million gallons) of water flowing through Yucca Mountain every year is an ongoing,
continuous process, not a spill. Because the release would be continuous after a waste package began to fail, an
estimate of dilution in the water used by the critical group is based on the ratio of water infiltrating through the
repository footprint (that is, 27,000 cubic meters) and the annual water use of Amargosa Valley (that is, 17.3 million
cubic meters). DOE believes that application of this dilution factor is conservative (that is, tending to overestimate
impacts) because credit has not been taken for additional dilution that is likely to occur in the saturated zone.

7.3 (6349)

Comment - EIS001793 / 0004

It is known that the steel containment canisters last used to vitrify in an attempt to stabilize nuclear waste fuel rods
would not remain intact for more than a few centuries in any known storage method.

Response
DOE agrees that the long-term protectiveness of the stainless-steel canister that surrounds the vitrified high-level

radioactive waste form is limited. It is for that reason that the performance assessments discussed in the Draft and
Final EIS took no credit for this material as a barrier.

The long-term performance analysis in the Final EIS conservatively neglected the potential benefit of stainless steel,
which would be the inner barrier of the waste package, and thus neglects the potential delay to water entering a
waste package provided by this barrier. Its function would be to provide structural strength for handling and
emplacement of the waste packages. In addition, the high-level radioactive waste (in a glass matrix) would be in a
stainless-steel canister. This canister would be inserted into the waste package and would be in contact with its
inner barrier of stainless steel. Having the same metals inside each other would minimize the likelihood of crevice
corrosion as water enters the cracks between the two metals. But in any event, for conservatism, the stainless-steel
canister is not modeled as a barrier.

7.3 (6403)

Comment - EIS001632 / 0002

EPA [Environmental Protection Agency] could not always find data or explanations to support the conclusions
drawn. A prime example of this is that EPA found insufficient data to support the prediction of the movement of
radionuclides in the saturated zone beneath the repository. These data are needed to determine if the facility’s
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performance will satisfy applicable radiation standards designed to protect ground water resources and public water
supplies. As you know, EPA has proposed standards applicable to Yucca Mountain.

Response
DOE assumes that the fundamental data referred to in the comment mean such things as aquifer properties,

retardation coefficients, hydraulic heads, etc. Such data are detailed in the documents referenced in Appendix I of
the EIS.

Appendix I contains detailed information in support of Chapter 5 of the EIS. As stated in the introduction to
Appendix I, the long-term performance analysis was conducted using a TSPA model and supporting data derived
from the TSPA models and data that support other Yucca Mountain Project documents. As also stated, the purpose
of Appendix I is not to republish the large body of available information but to reference the sources of the
information and describe any special additional modeling and data used for the EIS. Some common background
material was duplicated as an overview to enhance understanding of the incremental material. Thus, much of the
detailed data on saturated zone modeling in this EIS is from the Total System Performance Assessment for the Site
Recommendation (DIRS 153246-CRWMS M&O 2000) and the FY 01 Supplemental Science and Performance
Analyses (DIRS 155950-BSC 2001), as referenced in the Final EIS.

The Final EIS discusses the new Environmental Protection Agency standard (40 CFR Part 197).

7.3 (6443)

Comment - EIS001632 /0016

Page 2-74, Section 2.4-3, first paragraph: The last sentence indicates that long-term (100 to 10,000 years) impacts
were assessed only where DOE “could establish estimates of impacts.” Were there any important impacts which
were not assessed for this reason? If so, how does DOE plan to address them? (See 40 CFR § 1502.22)

Response
The full quote of the last sentence is:

“Because these projections are based essentially on best available scientific techniques, DOE focused the assessment
of long-term impacts on human health, biological resources, surface-water and groundwater resources, and other
resource areas for which the analysis determined the information was particularly important and could establish
estimates of impacts.” (Draft EIS, p. 2-74)

The intent of this statement is that DOE assessed all important impacts in the long-term period. No analyses were
omitted because of inability to establish an estimate. Some resource areas (such as noise, utilities, and services)
were deemed to have no foreseeable impact and no detailed analysis was necessary. DOE realizes that even the full
quote is confusing and has, therefore, revised the language in the Final EIS.

7.3 (6501)

Comment - EIS001632 / 0036

Container breaches. The final EIS should discuss the expected scenarios for container breaches and the associated
impacts on groundwater, taking into account groundwater contamination levels at various distances and under
various repository loadings. These analyses should cross-reference discussions on impacts to groundwater.

Response
In the analysis of long-term performance, breaches of the containers were not treated as separate scenarios but rather

the result of modeling a number of features, processes, and events that then lead to various types of container
breaches. As such then, there are no expected scenarios for container breaches. The impacts to groundwater result
directly from the overall scenarios considered: nominal or “undisturbed” scenario, volcanic events, and human
intrusion. These are clearly differentiated in the Draft EIS and the Final EIS with regard to groundwater impacts.
Container breach is merely a process that is component to these broader scenarios. The Final EIS points out that
general corrosion is a primary process for failure driving the dose results for the whole post-10,000-year period.
Section 1.5.1 of the Final EIS discusses waste package failures versus time and discusses the modes of failure and
the relationship to the annual dose history.
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7.3 (6544)
Comment - EIS001632 / 0041
Long-Term Repository Performance: General Comment

EPA [Environmental Protection Agency] disagrees with certain aspects of the performance assessment described in
Section 5 an in Appendix I. The Total System Performance Assessment, presented in the Viability Assessment for
Yucca Mountain and captured in the draft EIS analysis, relies in some instances on extreme performance cases
which either omit or overestimate certain effects.

EPA recommends using an approach--reasonable expectation--which focuses on a more realistic depiction of
repository performance and which recognizes the inherent uncertainties in projecting repository performance over
the long term. This more realistic approach projects the expected behavior of the waste containment and isolation
system, but avoids extreme assumptions and use of unrealistic performance scenarios.

We believe the final EIS would be strengthened by identifying the more conservative assumptions used in the
assessment. Identifying these would give the reader a better sense of the variability inherent in the estimates of
repository performance and provide the public with a more balanced performance projection.

Response
In general, the uncertainty approach used in the EIS uses realistic ranges of values for inputs and, where possible,

acknowledges the uncertainty. In some instances, conservative assumptions are necessary to avoid the possibility of
understating the potential impacts of the proposed Yucca Mountain Repository.

An interesting outcome of a full uncertainty analysis of a system such as the proposed repository is that the use of
“expected values” (for example, averages) for all parameters does not actually predict the expected outcome very
well. Because of the skewed aspect of many input parameters to the models (a reflection of the real nature of the
underlying data), the results predicted using only mean values actually produce a low-probability occurrence,
usually in the 90th percentile or above of the outcomes predicted in a full stochastic assessment. Thus, it is more
reasonable to perform a full stochastic assessment and report the expected outcome in terms of the statistics
computed from the results. DOE did this in the EIS by reporting the mean outcome and the tail probability (95th
percentile). However, the EIS has been revised to more clearly and more fully discuss both the modeling
uncertainties and the degree of conservatism in the modeling.

7.3 (6546)

Comment - EIS001632 / 0042

Table S-1 on page 5-5 and the related discussion in sections 5.1 and 8.3.1.2.3 (Atmospheric Radioactive Material
Impacts) fail to consider post-closure releases of radon from the spent nuclear fuel in the time period beyond 10,000
years. EPA’s [Environmental Protection Agency’s] proposed standards for Yucca Mountain at 40 CFR Part 197
require an analysis of the dose to a reasonably maximally exposed individual for the period beyond 10,000 years
through the time of peak dose (64 FR 46976, August 27, 1999). The National Academy of Sciences’ Yucca
Mountain panel in 1995 estimated that the Yucca Mountain site would be stable on the order of one million years.
The final EIS must therefore discuss releases of radon-222 (222 Rn), which will result from the decay of the
considerable inventory of uranium in the spent nuclear fuel.

Response
Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time of

peak dose.

7.3 (6547)

Comment - EIS001632 / 0043

Section 5.5 (Atmospheric Radiologic Consequences) concludes that carbon-14 (14C) is the only radionuclide that
has the potential for transport through the atmosphere. Likewise, section 8.3.1.2 addresses only 14C releases with
respect to cumulative impacts. The draft EIS does examine the exposures to workers and offsite individuals from
radon as a result of various operations. However, as noted by Sullivan and Pescatore (“Release of Radon
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Contaminants from Yucca Mountain: The Role of Buoyancy Driven Flow,” T.M. Sullivan and C. Pescatore,
Brookhaven National Laboratory, PNL-52468, February 1994):

“Barometric and wind pumping at Yucca Mountain may cause long-term 222Rn removal from the oxidized spent
fuel waste. The problem of enhanced 222Rn release to the accessible environment would pose itself later in time
(after 20,000 years and peaking in roughly 200,000 years) and would last for as long as unsaturated conditions
would prevail at Yucca Mountain.”

Response
Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time of

peak dose.

7.3 (6548)

Comment - EIS001632 / 0044

EPA’s [Environmental Protection Agency’s] analysis of spent fuel radionuclide inventories in support of the
promulgation of 40 CFR Part 191 (see EPA 520/4-79-007A, 1977) indicates a 222Rn [radon-222] content of about
1 curie per metric ton of heavy metal, at 100,000 years following discharge from a light water reactor. This would
imply a repository inventory for 222Rn of about 63,000 curies at about 100,000 years for the currently authorized
Yucca Mountain repository. Because of its energetic radiations and numerous daughter radionuclides, 222Rn
presents a significantly larger risk per unit of radioactivity than 14C.

Response
Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time of

peak dose.

7.3 (6550)

Comment - EIS001632 / 0045

Section 5.5 also indicates (introductory paragraph) that impacts for the global population were estimated. What
value was used for the projected collective dose received by the global population?

Response
The referenced statement in Section 5.5 of the Draft EIS is an error. There was no global population calculation

performed for the Draft EIS. The statement has been removed.

7.3 (6552)

Comment - EIS001632 / 0046

Page 5-5: The final EIS should explain the statement on page 5-5 that chemically toxic materials were eliminated
from consideration because “their total quantity would be very low and dilution in the repository environment would
reduce their concentration to below toxic levels before they entered the saturated ground water system.”

Response
The overview of the screening process in the Draft EIS referred to a process detailed in Appendix I. DOE believes

that Appendix I provided sufficient detail for a full understanding of what was done. In the updated analysis
presented in the Final EIS, a different screening process was used due to design changes. This new screening
process is detailed in Appendix I and cross-referenced in Chapter 5 of the Final EIS. The discussion in Final EIS
Appendix I was designed to provide as clear and comprehensive explanation as possible.

7.3 (6563)

Comment - EIS001632 / 0050

Page 5-43, Section 5.7.2, second paragraph: It would be helpful to have a graphic representation of the results of the
volcanic activity analyses.

Response
Section 5.7.2 of the Final EIS presents dose history curves for the volcanic scenarios showing the mean and 95th-

percentile curves along with lines for the nominal case for comparison to results for various volcanic disturbance
scenarios and the undisturbed waterborne release results.
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7.3 (6591)
Comment - EIS001380 /0014
APPENDIX I (Environmental consequences of long-term repository performance), page 1-25, section 1.3.3.

I am aware of the data in NRC [Nuclear Regulatory Commission] NUREG-2907 regarding routine radionuclide
airborne and liquid releases from commercial nuclear power plants that generate 90% of the wastes targeted for
Yucca Mountain. That compilation documents dozens of reportable radionuclides and noble gases that nuclear
reactors and their fuel generate. It is known by everyone in the industry that tritium passes through nuclear fuel
cladding. Why wasn’t tritium included in the analysis in this section? Thus, I find the statement that “the only
radionuclide that would have a relatively large inventory and a potential for gas transport would be C-14" to be
ridiculous and very inaccurate. What does a statement like “relatively large inventory” signify, relative to what? To
most of the public, the inventory is monstrous compared to any other nuclear repository in the world. This too brief
paragraph needs to be rewritten to reflect the true facts.

Response
The majority of radionuclides routinely released from operating commercial nuclear reactors consist of noble gases

and tritium. Although tritium is produced in the fuel rods as a fission product, the majority of tritium released by
these plants is produced as a fission or activation product in the coolant water circulating outside the fuel rods. In
addition, at high temperatures trititum will migrate through most metals, including those typically used as fuel
cladding. However, once the fuel rods are removed from the reactor environment and allowed to cool, this process
slows appreciably. On the other hand, most of the noble gases are produced as fission products inside the fuel rods.
However, most of these gases have half-lives on the order of minutes or hours and are therefore of little consequence
within days after the reactor is shut down.

Tritium, with a half-life of 12.3 years, will remain within the fuel rods for some time after shutdown, but migration
through the fuel rods is not appreciable at temperatures experienced during storage or disposal. In addition, the
analysis in the Draft and Final EISs indicates that all but about three waste packages are unlikely to fail within
several thousand years. Therefore, the tritium contained within the waste packages would decay to inconsequential
quantities before any releases to the environment would be likely. For this reason, tritium was screened out as a
potentially important isotope for consideration of long-term repository performance.

The statement “relatively large inventory” implies what was said above. The use of the word “relative” in this
context means in relation to other gaseous radionuclides in the repository inventory.

The radioactive inventory emplaced in the Yucca Mountain Repository would be large. However, prior to
recommendation of the Yucca Mountain site for development of a geologic repository, DOE would have to provide
a reasonable expectation that the repository could meet the environmental protections standards developed by the
Environmental Protection Agency to protect human health and the environment (40 CFR Part 197).

7.3 (6637)

Comment - EIS001632 / 0072

Section 1.3.2 states that waterborne chemically toxic materials that could threaten human health are present in
materials disposed of in the repository, the most abundant being uranium, as well as nickel, chromium and
molybdenum (used in the waste package). EPA [Environmental Protection Agency] agrees with the analysis on
page 5-6 of the conditions under which waste materials disposed at Yucca Mountain could threaten human health:
(1) the waste packages and their contents are exposed to water, (2) radionuclides and/or chemically toxic materials
in the package materials or wastes become dissolved or mobilized in the water, and (3) radionuclides or chemically
toxic materials are transported in water to an aquifer; further, such water must be withdrawn via a well or surface
discharge point and used by humans as drinking water or in the human food chain.

Response
Thank you for your comment.

CR7-162



| Main Index I |V0| 3 Index ||

Comment-Response Document

7.3 (6650)

Comment - EIS001522 / 0002

The DEIS is scientifically and empirically questionable because it repeatedly alleges that “in general the EIS
analyses showed that the environmental impacts associated with the Proposed Action would be small” (DEIS, 1999,
2-74). This claim is questionable, in part, because it relies on a logical fallacy of composition. This fallacy consists
of assuming that because something is true of the whole therefore it is true of the part, or assuming that a necessary
condition for something to be true of a part is that it be true of the whole. Committing this fallacy, the DOE asserts
that “no substantial impacts were identified; therefore, cumulative impacts...would not cause...concerns” (DEIS,
1999, 8-59). However, there could be no large impacts from radiological exposures over a given year, but the
cumulative impact of these exposures could be great. For example, an annual chest x-ray might not be an important
source of exposure, but having one every year for 30 years might have a substantial cumulative impact.

Another reason that the DOE errs in claiming that there will be no substantial impacts of the Yucca Mountain
repository, over its life, is that the DOE’s own peer reviewers unanimously concluded that it was impossible to
show, scientifically and statistically, that the impacts would be small, because they could not be calculated; as the
DOE peer reviewers noted, in a unanimous “Consensus Statement:

Many aspects of site suitability...predictions involving future geologic activity, future value of mineral deposits and
mineral occurrence models...rates of tectonic activity and volcanism, as well as mineral resource occurrence and
value, will be fraught with substantial uncertainties that cannot be qualified using standard statistical methods
(Younker, Albrecht, et al, B-2).

Moreover, the National Academy of Sciences committee on Yucca Mountain admitted that it was impossible to
calculate the effects of repository intrusion, something that must be known in order to conclude that the
environmental impacts will be small (NRC 1995). The same Academy Committee also noted that it was impossible
to predict human/social factors, such as institutional control of radioactive waste, beyond one hundred years (NRC
1995). If the National Academy believes that one cannot predict human intrusion and meaningful human behavior
after 100 years, then the DOE DEIS (1999, 7-6) needs to explain how it can claim to predict what will happen
10,000 years into the future, and especially, that there will be no adverse environmental impacts as a result of the
proposed Yucca Mountain facility. That is, it is scientifically impossible to conclude that the impacts of a
repository, for thousands of years into the future, will be small, because it is impossible to know the future to the
degree of precision necessary to draw this conclusion. There is no prior experience with permanent radioactive
waste disposal on which to draw, and no nation has yet successfully employed permanent disposal.

Response
As part of its analysis of cumulative impacts, DOE attempted to quantify, where possible, the total radiation dose

that may have been received by local residents from past activities in the Yucca Mountain area. The Department
calculated the total risk to the population based on the assumption that radiation risks from actions evaluated in the
EIS would be additive. However, the Department cannot, in this analysis, account for each individual resident’s past
or future radiation exposure. To do so would require accounting for lifestyle habits such as the frequency of airline
flights, past residences in locations that receive substantially higher or lower cosmic radiation, the type and
frequency of medical diagnostic tests and treatments, and a myriad of other factors. Therefore, the EIS provides a
baseline estimate of the exposure of affected individuals in Chapter 3 and Appendix F and provides estimates of the
incremental impacts from the Proposed Action in Chapters 4 and 6. In addition, in Chapter 8, the EIS identifies
those actions that are imminent or reasonably foreseeable to add to these impacts to determine the overall

cumulative impact estimates.

In the case of the quote in the comment from page 8-59 of the Draft EIS, the statement is referring to the evaluation
of short-term environmental justice impacts. As discussed in Sections 8.2.13 and 8.4.2.1.2 of the EIS,
environmental justice impacts would exist (1) if an activity would have significant environmental impacts and (2) if
such impacts would have disproportionately high and adverse human health or environmental effects on minority or
low-income populations. Under these criteria, DOE believes that there would be no significant impacts with regard
to environmental justice.

The Total System Performance Assessment Peer Review panel stated “...the panel finds that, at the present time, an
assessment of the future probable behavior of the proposed repository may be beyond the analytical capabilities of
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any scientific and engineering team. This is due to the complexity of the system and the nature of the data that now
exist or that could be obtained within a reasonable time and cost.” However, the panel also noted that the goal of the
performance assessment is “whether it can be shown with reasonable expectation that the repository will comply
with the applicable regulatory limits” (DIRS 102726-Budnitz et al. 1999). Reasonable assurance is the standard
applied in the licensing of commercial nuclear facilities and has served the Nation well in terms of assuring safety in
and around nuclear facilities. DOE maintains that it can perform projections of long-term behavior consistent with
the regulatory goals of providing a reasonable expectation or reasonable assurance of compliance with dose-based
standards.

The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and
volcanic activity. While DOE cannot predict such events exactly, it can statistically incorporate them into the risk
analysis. Chapter 5 of the Final EIS contains an assessment of the probability and effect of such events on long-term
radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

As discussed in Section 3.1.3.4 of the EIS, site characterization activities have found no economic deposits of base
or precious metals, industrial rocks or minerals, or energy resources based on present use, extraction technology, and
economic value. The operating gold and silver mines visible from the mountain are in a different type of rock than
Yucca Mountain. Those rocks formed deep in the earth and uplift has exposed them. Yucca Mountain was formed
by volcanic ash flow and ash fall.

Questions concerning human intrusion have been considered by DOE and are acknowledged to be an important
issue because the future behaviors of humans cannot be predicted. The Nuclear Regulatory Commission and
Environmental Protection Agency have specified in their respective regulations for Yucca Mountain the way to
analyze human intrusion. The regulations describe a stylized calculation that attempts to address why humans
would intrude into the repository. DOE incorporated the advice provided by National Research Council (DIRS
100018-National Research Council 1995).

DOE recognizes that there is uncertainty in both the scientific predictive capability and in the likelihood and nature
of human error. Therefore, a defense-in-depth approach is being used that, for example, places a drip shield over
waste packages to reduce uncertainties in repository performance that result from the inability to predict, with
certainty, the locations and rates of water seeps into the repository. Multiple levels of validation are practiced to
discover and fix errors. Multiple levels of sophisticated checking are being planned to ensure that the manufacturing
of the engineered components would be as error-free as modern technology will allow. DOE is highly aware of the
problems errors can cause and is doing its utmost to protect the public from both the short-term and long-term
potential effects that could result from such errors.

DOE has adopted this defense-in-depth philosophy and a performance assessment methodology that accounts for the
variability inherent in natural processes, limits to our knowledge and information, differing views of experts,
unpredictability of some phenomena, and uncertainty in system behavior. The methodology is widely accepted both
nationally and internationally. It is based on recommendations of the National Academy of Sciences, the
Environmental Protection Agency, and the Nuclear Regulatory Commission. It conforms to international practices
in other countries, including Member States of the Nuclear Energy Agency and the United Nations’ International
Atomic Energy Agency. Peer review groups with expertise in the analysis of environmental risks have endorsed the
general approach.

DOE agrees that it is not possible to predict with certainty what will happen hundreds or thousands of years in the
future. However, the same physical, chemical, and geologic processes active today would likely be active in the
future. Thus models built to explain such processes as waste package degradation and radionuclide and water
movement in the present are expected to be representative of those same processes in the future. Scientists from
outside the Yucca Mountain Project evaluated the degree to which one may have confidence in the predictive ability
of the scientific models. Though they supplied some critical observations, they also suggested work that could
bolster the scientific basis of the modeling. This EIS shows the results of more than two years of work addressing
those external review committee suggestions, and that work continues.
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DOE believes that the EIS adequately analyzes and represents the possible range of environmental impacts at the
repository and that the EIS is one of the documents that provides information to the decisionmaking process. Any
decision to approve the site also requires the Site Recommendation document, which specifically addresses the case
for compliance with the requirements of the Site Suitability Guidelines (10 CFR Part 963), which in turn
incorporates requirements from regulations by the Environmental Protection Agency and the Nuclear Regulatory
Commission. If this societal decision was made, the licensing process, with its focus on science and supporting
detail, would help increase the basis for confidence in the long-term projections of potential risk. This EIS supports
an important step in the decisionmaking process, but it is not the last step, and work will continue to increase the
basis for confidence.

7.3 (6750)

Comment - EIS001522 / 0005

The DEIS allegation that environmental impacts of Yucca Mountain “in general...would be small” (DEIS, 1999,
2-74) is not only inconsistent with existing empirical data and with the DOE’s own claims about groundwater,
perched water, and upwelling, but this DOE claim is also logically invalid because it begs the question. It begs the
question because the DOE has not yet determined many scientific facts whose validity is essential to drawing this
conclusion. For one thing, to allege that future impacts would be small, despite the million-year lifetime of the
repository, seems incredible, because it is impossible to predict the specifics of what will happen over so long a time
frame. Also such DOE predictions are disguised as scientific when, in reality, they are no more than guesses.

Response
Council on Environmental Quality regulations require consideration of both “context” and “intensity” when

assessing the significance of a Proposed Action (40 CFR 1508.27). The regulations also require that National
Environmental Policy Act documents are written in plain language so the widest audience can readily understand
them. As a consequence, DOE has used descriptive terms, such as “small,” to help convey the relative impacts of
various actions on the environment.

In keeping with these requirements and consistent with standards established by the Nuclear Regulatory
Commission (DIRS 101899-NRC 1996), DOE has determined, in general, that “small” means potential
environmental effects (with or without mitigation) that would not be detectable or that would be so minor that they
would neither destabilize nor noticeably alter any important attribute of the resource. For example, human health
impacts that do not exceed permissible levels as defined in Federal or state regulations are generally considered to
be small because adverse health effects would be unlikely for exposure to these levels.

Although uncertainties will always exist in long-term predictions of complex system performance, DOE maintains
that it can perform projections of long-term behavior that are consistent with the regulatory goals of providing a
reasonable expectation of compliance with dose-based standards. The Department believes that the EIS adequately
analyzes and represents the possible range of environmental impacts at the repository and that the EIS is one of the
documents that can provide information to the decisionmaking process.

7.3 (6876)

Comment - EIS001522 /0014

Throughout the Yucca Mountain DEIS, the DOE ignores factual events that are difficult, if not impossible to know,
and then, despite these omissions, invalidly concludes that the impact from the proposed waste facility will be low.
Consider some of these omissions: “The impact of such human intrusion was not included directly in the final
presentation of results...the probability of human intrusion occurring was not modeled” (DEIS, 1999, 5-16). After
ignoring crucial variables, such as human intrusion, that could cause massive environmental impacts, the DOE notes
that it will use “insight based on the best information and scientific judgments available” in its analyses (DEIS,
1999, 5-17). Likewise the DOE says that, regarding radiological impacts on populations over long periods of time,
“the DOE does not have the means to predict such changes quantitatively with great accuracy; therefore, the analysis
does not attempt to quantify the resultant effects on overall impacts” (DEIS, 1999, 5-17).

DOE’s ignoring key considerations, about which it is ignorant, is especially problematic because the very things
about which it is most ignorant are those things to which conclusions about repository safety are most sensitive, and
even the DOE admits this. For example, the DOE considers approximately 20 parameters and then assesses its
confidence in its models’ accuracy, as well as the sensitivity of the repository safety/performance, relative to each of
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these parameters. Interestingly, the DOE admitted that its confidence in its models for water seepage into drifts, in
its models for transport of radionuclides through the unsaturated zone, and in its models for transport of
radionuclides through the saturated zone, all were “low,” even through the significance of these parameters, for
repository safety/performance, respectively, was “high,” “high,” and “medium” (DEIS, 1999, 5-22). If the crucial
factors that affect repository safety are those about which DOE confidence is low then how is it that the DOE can
allege that the proposed repository will have no significant environmental impacts? Obviously, if the DOE claims
about low confidence are to believed, then they are not consistent with its claims about low impacts from the
proposed repository.

Moreover, the DOE admitted that the peer review panel gave 145 pages of suggestions for improvement of its
analyses, and then noted that “all of the suggestions are being addressed” (DEIS, 1999, 5-23). If even the peer
review panel was critical of DOE efforts, then one wonders why the public should be railroaded into approval of the
Yucca Mountain facility before all the concerns of the peer review committee have been dealt with. Indeed, these
corrections should all have been completed before the DEIS was even submitted. To submit it prior to such
correction is to show that DOE’s decision -- about moving forward on Yucca Mountain -- is completely independent
of what expert scientists say. Since when are projects submitted for approval on the basis of a promissory note, a
promise to remedy poor science that should not even have occurred in the first place? The peer review committee
noted that “the report of the DOE failed to provide a statement of the ‘probable behavior of the repository’ as
requested by Congress” (DEIS, 1999, 5-23). If the peer review committee is correct that DOE has not accomplished
the Congressional mandate, then there is no reason, other than bias, that the DEIS should be presented for approval.

Response
The probability of human intrusion occurring was not modeled, but the possible consequences were qualitatively

evaluated for a few intrusion scenarios. What this means is that DOE assessed the consequences of an intrusion
event and stated them as if the probability was 1. Figure 5-7 of the Draft EIS shows dose history curves resulting
from intrusion scenarios. In the case of the large intrusion scenario (the higher of the two scenarios analyzed) and
the assumed high dissolution rate, the figure shows an estimated incremental dose increase of about 1 millirem per
year over the undisturbed case. Thus, DOE did not ignore the human intrusion possibility but carefully analyzed it
in a manner suggested by National Research Council (DIRS 100018-National Research Council 1995) and required
by the Environmental Protection Agency’s recent Environmental Radiation Protection Standards for Yucca
Mountain, Nevada (40 CFR Part 197). The result reported in the Draft EIS was one-fifteenth of the standard set by
the Environmental Protection Agency. The Final EIS includes an updated version of this analysis.

The quote “...the DOE does not have the means to predict such changes quantitatively with great accuracy...” from
Section 5.2.4.1 of the Draft EIS refers to the movement of populations and changes in the magnitude of populations,
societal habits, etc. This position agrees with recommendations of National Research Council (DIRS 10018-
National Research Council 1995). In addition, the Environmental Protection Agency standard for the performance
of the repository embraces this concept. Furthermore, the size of the population would have no effect on the
fundamental long-term impact (dose to the reasonably maximally exposed individual) because that impact would
concern a single hypothetical individual. Population dose would be estimated as a simple linear multiple of the
number of people in the potentially affected area. Thus, DOE considered future population changes based on
recommendations of the National Research Council and the Environmental Protection Agency, both of which
Congress directed to participate in setting appropriate standards for the performance of the proposed repository [via
Section 801(b) of the Energy Policy Act of 1992.

DOE acknowledges that the Final Report/Total System Performance Assessment Peer Review Panel (DIRS 102726-
Budnitz et al. 1999) was negative in its comments on several important aspects. The Peer Review Panel did report
that DOE had failed to provide a statement of the probable behavior of the repository. However, DOE feels that the
panel interpreted the Congressional language narrowly. DOE believes that the intent of Congress was for the
Viability Assessment (DIRS 101779-DOE 1998) to make a preliminary determination “...of whether it can be
shown with reasonable assurance or reasonable expectation that the repository will comply with the applicable
regulatory limits” [Energy Policy Act, Section 801(b)]. However, in the absence of final standards for Yucca
Mountain at that time, DOE could not make comparisons to them.
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The Peer Review report went on to say that:

“As noted above, the assigned objective of the TSPA-VA [Total System Performance Assessment-Viability
Assessment] was to assess the probable behavior of the repository. In contrast, the objective for TSPA-LA [Total
System Performance Assessment-License Application] will be to determine whether it can be shown with
reasonable expectation that the repository will comply with the applicable regulatory limits. These are significantly
different objectives, and recognition of this distinction should be an important element of the path forward to the
TSPA-LA” (DIRS 102726-Budnitz et al. 1999).

The Panel did not intend for its recommendations to enable the calculation of “probable behavior,” as it saw the
meaning of that term. Rather, it thought that satisfying these recommendations would enable a determination “... of
whether it can be shown with reasonable assurance that the repository would comply with applicable regulatory
limits.”

DOE has addressed many of the Panel’s recommendations in the revised TSPA models used to support long-term
performance analysis reported in the Supplement to the Draft EIS and in the Final EIS. This EIS and supporting
reports describe the manner in which DOE has addressed these recommendations.

7.3 (6906)

Comment - EIS001784 / 0002

I worry about some of the basic scientific assumptions implicit in the Yucca Mountain EIS, specifically many
assumptions are based on the DOE and NRC [Nuclear Regulatory Commission] being able to predict and plan for
what will occur 10,000 years down the road. No, I didn’t make a mistake -- I wish [ had. The figure used
repeatedly is 10,000 years, not days or months. To me, this is absurd rationalization. Suppose, for example, Yucca
Mountain incurred a direct nuclear bomb attack and the stockpile was damaged or became unstable. How would
that affect the carefully constructed 10,000 year timetable? We are assured the Yucca Mountain waste containers
are invulnerable. However, there is abundant evidence of leakage from the current repository casks at nuclear power
and weapons plants. Why hasn’t this same degree of proposed engineering safety been built into existing facilities?
After all, haven’t the NRC and DOE been safeguarding us all along?

Response
Examination of the elements of the Total System Performance Assessment model can lead to the conclusion that

many things have been left out of consideration. It is important to recognize that the model is a product of a much
broader analysis of all possible features of the system, events, and processes that could be important to the behavior
of the system. The development of the model proceeded as follows:

e Development of a list of possible features, events, and processes based on lists previously compiled on an
international scale and on input from many experts

e  Estimates of the effect on performance of each item on the list
e Estimates of the probability of occurrence of each item on the list

e Development of screening arguments for items to be deleted from further consideration in the model. These
arguments are based on three major considerations:

- Consequences
- Probability
- Regulatory considerations (some items are specifically eliminated in the regulations)

e Incorporation of appropriate items into the model

This screening process is documented in a Features, Events, and Processes Database that lists the items and
screening arguments (DIRS 154365-Freeze, Brodsky, and Swift 2001).
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The features, events, and processes considered in the process described above include such things as nuclear bomb
attack events and others, in addition to expected processes such as the eventual degradation of waste packages over a
long period of time. Therefore, the analysis provided by use of the Total System Performance Assessment model
actually reflects a greater analysis that considered all conceivable things that could affect performance and is not, as
characterized by the comment, a “carefully constructed 10,000-year timetable.” Rather, it is a carefully constructed
set of scenarios developed from a complete list of all that could be wrong or go wrong, and are known to definitely
affect performance.

The experiments and analyses documented in the “Waste Package Degradation Process Model Report” (DIRS
151624-CRWMS M&O 2000) provide the basis for the waste package modeling and life expectancies. This report
identifies and discusses each potential waste package degradation mode. The degradation model includes those
modes that analyses did not screen out as highly improbable.

The longevity of the waste package is a principal factor in the Repository safety case. The evaluation of alternative
waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years for the
reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions. This
container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a high-
nickel alloy (Alloy-22). However, the updated analysis in the Final EIS projects between zero and five waste
packages failing due to manufacturing defects.

There is obvious uncertainty associated with the extrapolation of experimental results for such long periods and the
other human factors mentioned in the comment. DOE selected the design analyzed in the Final EIS to mitigate the
uncertainties by adding features (such as the drip shield) to provide defense-in-depth. This provides greater
assurance that the repository would meet its performance standards in the face of uncertainty.

DOE acknowledges that it cannot build a containment system that can provide perfect containment forever. The EIS
provides DOE’s best estimate of the impacts that could occur when the containment system inevitably degraded.
The EIS confirms that the Proposed Action would likely result in release of radioactive contamination to the
environment. However, the EIS shows that these releases under the Proposed Action would be well within
environmental protection standards (40 CFR Part 197) within 10,000 years of repository closure, standards
specifically enacted to ensure the safety of future generations. See Section 5.3 of the EIS for additional information.

7.3 (6947)

Comment - EIS000812 / 0004

I have read that groundwater studies have shown that tritium is present in the water in the unsaturated zone. This
was not mentioned in the Summary. If in fact this is the case, tritium was unleashed by nuclear weapons testing in
the area in the 40’s, 50’s and 60’s. In other words, it has taken about 50 years for the tritium to percolate through
the volcanic rock. The summary has stated that minor releases of gases and carbon 14 would happen from time to
time. How long will it take for that material to filter through to the ground water. What will happen when the
containers are breached (as there seems to be a good deal of agreement by all that this may happen in the future) and
radioactivity is released into the ground water, maybe not in the next century, but in 2 or 300 years? What would be
a plan of action to counteract this problem?

Response
It is true that the waste packages would fail in the distant future, and the gaseous release estimates given in Section

5.5 are based on the expected failure rates of the waste packages. Section 5.5.2 details the impacts to the local
population. Because the resulting doses would be exceedingly small, no action would be taken to counteract them.

Note that the tritium (as well as chlorine-36) present deep in the unsaturated zone at Yucca Mountain arises mostly
from ocean testing in the Pacific during the 1940s, 1950s, and 1960s, not from surface testing at the Nevada Test
Site during the same period. This tritium and chlorine “signature” occurs throughout the world, and is still widely
found in low-infiltration areas (deserts). Data gathered on the presence and distribution of these isotopes led to
improved models of vadose zone hydrology for Yucca Mountain that recognize the possibility of more rapid
movement of some of the infiltrating water. These improved vadose zone hydrology models were used in the Draft
EIS. The Final EIS includes results based on improvements to these models since DOE issued the Draft EIS.
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7.3 (7109)

Comment - 010229 / 0002

The supplement to the draft EIS shows, in Table 3-14, that the peak annual dose and the time of the peak are exactly
the same for the higher- and lower-temperature operating modes. Because corrosion rates, coupled processes, and
the size of the repository footprint are likely to be temperature-dependent, the Board is concerned that this result
may reflect model limitations. In its September 2000 letter to the DOE, the Board identified a number of limitations
in the DOE’s performance assessment models that could hinder an accurate prediction of the effects of temperature
on repository performance. The Board recommends that the DOE revise its performance assessment models to
capture the effects of temperature more accurately, allowing an improved assessment of the merits of higher-
temperature versus lower-temperature repository designs.

Response
In considering the points in this comment, it is important to focus on a fundamental idea: The period of significant

heat release is very short compared to the lifetime of waste packages. Thus, even if the heat were to be detrimental
to waste packages and performance in general, the heat is gone before any significant amount of waste package
failures occur and thus has no important influence on long-term performance. This was seen in the Draft EIS case
and also in the Final EIS case (see Section 5.4).

Sensitivity studies, which included a temperature sensitive model of corrosion, showed improved performance (less
than half the mean peak dose that is reported in the Final EIS) (DIRS 155950-BSC 2001). The fact that there is
improved performance is not surprising because the non-temperature-dependent model is conservative and actually
uses what is essentially corrosion under all adverse conditions including high temperature. When the temperature-
dependent model is employed, the conservatism of assuming a constant, higher rate is removed so that corrosion
after the short heat pulse is much slower than that of the conservative model. Improved performance then results.
Even in these sensitivity studies the higher-temperature operating mode results differ by about 30 percent from the
lower-temperature operating mode (DIRS 154659-BSC 2001) because of the fundamental fact that the period of heat
generation is short compared to package and drip shield lifetimes.

After consideration of the Draft EIS and a large body of subsequent study and analysis, DOE concluded that general
lowering of repository temperature would not improve the overall long-term performance of the repository.

7.3 (7131)

Comment - EIS001879 /0013

The Draft EIS presents an assessment of human health and safety that purports to meaningfully portray the risks
associated with the repository. Unfortunately, this assessment is based on an approach that is fraught with
uncertainty and plagued by a lack of data. Further, the results have been severely criticized by expert panels
assembled specifically to evaluate the validity and results of the specific models used to predict risk associated with
the proposed repository.

The Draft EIS analysis in Chapter 5 follows the approach recommended by the National Research Council, 1995
Technical Bases for Yucca Mountain Standards; hereafter referenced as NRC, 1995). In Section 5.2.4.1, the

Draft EIS goes on to state “The analysis in this chapter follows the recommended approach, using as defaults
societal conditions as they exist today; as such, it is based on the assumptions that populations would remain at
their present locations and population densities would remain at their current levels,” (emphasis added). The
approach introduces uncertainty into the analysis and the basis for the assumption is not valid. The reference to
NRC (1995) is taken out of context; the discussion to which it is germane is the NRC’s consideration of a
population-risk standard, not impact analysis in a NEPA [National Environmental Policy Act] document. The Draft
EIS attempts to use the NRC discussion as a rationale for ignoring the present (1999-2000) population of Amargosa
Valley and short-term (50 year) future growth in the area, which is very predictable.

With respect to the future number of cancer fatalities in the vicinity of Yucca Mountain, NRC (1995, page 61)
states, “...the total number of fatal cancers cannot be known without knowledge of the number of future persons
residing in the Yucca Mountain vicinity. This number is obviously unknowable.” Further, the NRC (1995, page 63)
states, “For identifying the distribution and the varied lifestyles of a larger population, more assumptions of greater
uncertainty would be required. The resulting data for a risk assessment would become so arbitrary that no adequate
decision basis would result. We therefore conclude that there is no technical basis for establishing a
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population-risk standard that would limit the risk to the nearby population for a Yucca Mountain
repository,” (emphasis added). Later in the same report (NRC, 1995; p. 96) additional findings are made with
respect to future populations and future scenarios, “(A)s far as we are able to determine, there is no sound basis
for quantifying the likelihood of future scenarios in which exposures do or do not occur; about all that can be
said is that both are possible .... Any particular scenario about the future of human society near Yucca
Mountain that might be adopted for the purposes of calculation is likely to be arbitrary, and should not be
interpreted as reflecting conditions that eventually will occur,” (emphasis added).

DOE clearly disregarded these portions of the cited document in the preparation of the Draft EIS insofar as

Tables 5-5, 5-9, 5-13, 5-13, 8-40, 8-44, and 8-48 all contain population-based impacts that are based upon the
arbitrary assumption that the population levels in 10,000 years will be the same, and will be distributed in the same
manner as in 1990. As a consequence, the information in these tables is misleading, is based upon a number of other
arbitrary assumptions, and does not provide an adequate decision basis. The decision maker, when reading these
tables, might misinterpret the values to be based upon proven science, an adequate database, and logical
assumptions, when in fact the values are based upon an unrealistic scenario, inadequate data, arbitrary assumptions,
and questionable judgment. These tables must be deleted from the EIS.

Section 5.2.4.2 has the heading “Uncertainty Associated with Currently Available Data,” yet contains nothing about
this uncertainty. Rather, the entire discussion is a synopsis of the DOE’s plan to collect additional data to reduce the
amount of uncertainty. The entire discussion in this section should be deleted and replaced with a discussion of the
adequacy of the existing database (not the results of models, but rather actual data) for each key parameter in
performance assessment. The section should clearly state that the data used to support the TSPA [Total System
Performance Assessment] did not include any permeability, porosity, transmissivity, storativity, groundwater age, or
water chemistry data for the area between Yucca Mountain and the closest receptor population, in the Lathrop Wells
area of Amargosa Valley. This section should also make it clear that the corrosion rates, fractional release rates, and
other key parameters used in the TSPA are based upon inadequate testing and measurements.

Section 5.2.4.3.5 (“Confidence in the Long-Term Performance Estimates”) does not accurately summarize the
uncertainty associated with long-term performance estimates. For example, Table 5-3 lists the confidence in models
to reasonably represent specific impacts and processes, and the significance of uncertainty to the estimate of
performance, and cites the Viability Assessment as the source document for the information presented in the table.

A review of the corresponding portion of the Viability Assessment (Volume 4, Section 2.2.4.1) reveals that the
significance of uncertainty estimates were made “by considering quantitatively the effects of uncertainties associated
with each principal factor on the peak dose rate calculated by TSPA. Judgments were then made taking into account
limitations of the quantitative approach.” The EIS should be revised to state that the significance of uncertainty
measures listed in Table 5-3 is based upon judgment.

Additional uncertainty is contributed from the time periods used for analysis. The Draft EIS breaks the analysis into
two periods: 1) construction, operation, and monitoring and closure through the year 2025; and 2) long-term
repository performance during the first 10,000 years after closure. However, the Draft EIS does not have
comparable evaluations for both periods of time nor does the Draft EIS present the consequences of radionuclide
and hazardous chemical contamination for the period between closure and 10,000 years after closure and simply
states that “all peaks [for radionuclides] occur at or near 10,000 years.” This statement appears to be based on the
results of the TSPA-V A [Total System Performance Assessment — Viability Assessment}, which used bulk
permeability values that were based either on expert elicitation or the results of the USGS [U.S. Geological Survey]
site-scale model. The use of bulk permeability values does not yield a conservative result, but rather an average
result. In actuality, the permeability values vary considerably and result in a similar variability in groundwater
travel times and hence breakthrough curves for contaminants at a given distance from Yucca Mountain. Of
importance with respect to groundwater flow and contaminant transport is that flow will predominate through
preferential pathways that exhibit the fastest, not the bulk permeabilities.

Further, the statement is inconsistent with the findings of the TSPA-V A, which indicate that several specific
contaminants have breakthrough curves that peak well before 10,000 years, such as technetium, plutonium on
colloids, carbon-14, and others.
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Response
DOE acknowledges that it is not possible to predict with certainty what will occur hundreds or thousands of years in

the future. The National Academy of Sciences, Environmental Protection Agency, and Nuclear Regulatory
Commission also recognize the difficulty of predicting the behavior of complex systems over long periods. In

10 CFR Part 63, the Nuclear Regulatory Commission acknowledges that “proof that the geologic repository will
conform with the objective for postclosure performance are not to be had in the ordinary sense of the word because
of the uncertainties inherent in the geologic setting, biosphere and engineered barrier system. For such long-term
performance, what is required is reasonable expectation.” In 40 CFR Part 197, the Environmental Protection
Agency establishes “reasonable expectation” as a test of compliance, with diminished “weight of evidence” with
time. The Agency also recognizes the need for expert judgment in assigning scenario probabilities, selecting
simulation models, and assigning parameter distributions. Consistent with National Academy of Sciences
observations, DOE has designed performance assessments on a combination of mathematical modeling, natural
analogs, and the possibility of remedial action in the event of unforeseen events.

DOE confidence in the disposal techniques is based on defense-in-depth that, for example, would place drip shields
over waste packages to account for uncertainties. DOE has adopted an assessment approach that explicitly considers
the spatial and temporal variability and inherent uncertainties in geologic and biological components. DOE believes
this process results in a representative estimation of impacts that is sufficient for comparing the relative merits of the
various repository scenarios, including the preferred alternative. DOE continues to evaluate the sufficiency of its
approach to dealing with uncertainty at the process level (scientific) and the system level (modeling). A task force is
reviewing and outlining further work to be completed on uncertainties before License Application, should the
repository be recommended as a suitable site.

With regard to criticism from expert panels, DOE welcomes the reviews and suggestions provided by the Total
System Performance Assessment Peer Review Panel and other groups and individuals. DOE has responded to these
organizations by improving models and incorporating design enhancements to reduce uncertainties in long-term
performance predictions. DOE has incorporated responses to the comments of the expert panels in the analyses
conducted for Supplement to the Draft EIS and the Final EIS.

For the Final EIS, DOE projected Nye County population through 2035 (see Section 3.1.7). Figure 3-25 shows
estimated residences within an 80-kilometer (50- mile) radius of the repository. The Department also projected
population through 2035 for each sector within the grid. The Nye County population projections and allocation of
population to grids within the 80-kilometer area includes Amargosa Valley. DOE has revised the discussion of
conservatisms, limitations, and uncertainties associated with potential radiation health effects in Section F.1.1.5.

Although DOE recognizes that the National Research Council rejected a population risk standard in favor of an
individual risk standard, it has traditionally included potential impacts to affected populations in its National
Environmental Policy Act documents as a measure for use in the decisionmaking process. When providing these
estimates, the Department is careful to state all important assumptions and limitations applied in the calculation and
interpretation of the values. For example, the text discussing the summary population impacts (see Table 5-17)
states that adverse health impacts would be unlikely to result from groundwater contamination. The updated
population dose analysis in the Final EIS uses the updated 2035 population values.

In general, it is DOE policy to not republish details in an EIS that are available in other public documents because of
the enormous volume of this supporting material. A detailed discussion of the database in the EIS would be
voluminous. The intent of the discussion in Section 5.2.4.2 of the Draft EIS was to provide the reader an
understanding of how DOE handled uncertainties in the projections. DOE has improved cross-referencing to help
the reader find such details in the Final EIS. In addition, DOE the Department incorporated data from many of the
studies discussed in the EIS characterizing the area near the Lathrop Wells area -- much of this from well testing by
Nye County. A significant amount of additional data from seepage and heater testing has been used in both model
formulation and in data used in the Total System Performance Assessment. Comprehensive data from new Alloy-22
corrosion tests have been incorporated, as has a new suite of colloid transport models. Details of most of the data
and associated uncertainties are in various Analysis/Model Reports and Process Model Reports referenced in
Section 5.2.4 of the Final EIS.
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Section 5.2.4.3.5 of the Draft EIS was partially based on judgment but also on a number of sensitivity studies in the
Viability Assessment (DIRS 101779-DOE 1998). DOE agrees that the judgment aspect should have been stated
more clearly. This section required a complete rewrite because of large revisions to the design and the performance
assessment models. DOE has deleted the section, including Table 5-3, and instead has provided a discussion of
unquantified uncertainties from an ongoing study. In addition, many referenced sections of other supporting
documents provide further insight into the modeling confidence.

DOE is not sure what thus comment means by “comparable evaluations” for preclosure and postclosure-to-
10,000-year periods. Each of these evaluations has many unique aspects including how the public could be exposed
and many processes unique to the time scale involved. As such, they would be two different types of analyses.
Because it is much harder to account for processes and properties over many thousands of years, the uncertainties
are much more extensive in the second period. The only comparable feature then would be the result, forecast of
dose to the public, and this is included in the analysis. Chapter 5 of the Draft EIS reports a third period (10,000 to

1 million years), and the consequences (as dose or concentration) of radionuclides and hazardous chemicals for the
period from closure to 10,000 years. The statement that peaks would occur at 10,000 years is for the closure-to-
10,000-year period. This is because the dose curve would still be rising at that time. Because the discussion of
peaks was for the total dose from all radionuclides, the statement is true even though some individual contributors
(especially short-lived radionuclides) could have peaked before 10,000 years. Furthermore, Chapter 5 reports the
all-time peaks as the 1-million-year results. These peaks would be higher that those for the 10,000-year period and
would occur much later. With regard to bulk permeabilities, the model in the Draft EIS was much simpler than that
used in the Final EIS, but all key parameters were sampled over a wide range, including very pessimistic values that
could contribute to doses from preferential pathways. Thus, the long-term dose forecast contains much higher
values for the 95th-percentile case than for the mean. Pessimistic situations such as preferential pathways, lower
sorption values, and less dispersion are accounted for in the very wide distributions sampled in the probabilistic
formulation. These are manifested in the 95th-percentile values given in the EIS.

7.3 (7137)

Comment - EIS001898 / 0017

The methodology for estimating the environmental impacts from the release and transport of toxic materials should
be well documented in the FEIS. The estimates should incorporate the current waste package materials and design.

Basis:

The release and transport of toxic materials (chromium (Cr) and molybdenum (Mo)) from waste package corrosion
to a receptor group was modeled using the EQ6 geochemical speciation code (Figure 1-1). It is unclear how this
code was used to estimate the corrosion products or the corrosion rate for toxic materials.

The assumed dissolution rates and mineral formation kinetics are critical to substantiating the claim that release and
eventual exposure of a receptor group to the potentially toxic waste package corrosion products (e.g., chromate,
molybdate) is minimal as stated in Section 5.6 (Environmental Consequences from Long-Term Repository
Performance-Consequences from Chemically Toxic Materials).

We understand that DOE is expected to select Enhanced Design Alternative I (EDA-II) for the potential license
application in the near term (TRW, 1999). EDA-II includes an outer overpack of 5cm thick Alloy-22. The DEIS
design includes a 2cm thick inner overpack of Alloy-22, so the quantities of Alloy-22 will more than double, even
assuming constant numbers of waste packages, if the EDA-II design is used. Because Alloy-22 is approximately
56 percent Ni by weight, the volume of Ni present in the repository is considerably more than the amount of Cr and
Mo present. In addition, nickel (Ni) will also likely dissolve at roughly the same rate as Cr and Mo during
corrosion. The FEIS should document that Ni does not pose a health risk.

Recommendation:
The discussion of toxic materials should be consistent with the current waste package design at the time of the FEIS.

DOE should provide the technical basis for waste package corrosion rates, and should provide technical support for
claims that exposure to potentially toxic materials released by waste package corrosion is minimal.
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Reference:

TRW Environmental Safety Systems, Inc., License Application Design Selection Report. B0O0000000-01717-4600-
00123. Revision 01. Las Vegas, NV: TRW Environmental Safety Systems Inc. May 28, 1999.

Response
The Draft EIS methodology for estimating source concentrations was detailed in Appendix I on pages [-15 to I-18

(Section 1.3.2.3.1). This section describes in detail how the values in Tables I-11 and I-12 were developed using the
EQ3/6 software. The values in Tables I-11 and I-12 were then used to develop the screening information in

Table I-13 as explained in section 1.3.2.3.2 (pages I-18 to I-19). This screening process determined which elements
required more rigorous analysis (taking into account many other mitigating processes). Chemicals eliminated in the
screening process demonstrated such low potential concentrations, in these calculations, that more rigorous analysis
(which would account for additional mitigating processes) was unnecessary to establish there would be no
significant impacts. In the screening analysis, EQ6 simulations of the reaction of the solution resulting from
corrosion with the host rock demonstrated that nearly all the dissolved nickel would precipitate (resulting in a
concentration of only about 0.0001 milligram per liter) upon contact with the crushed tuff invert (see Draft EIS
Table I-12 and accompanying discussion). For this reason, nickel was not considered further in the impact analyses.
Detailed analysis for those chemicals not screened out are described in Section 1.6 of the Draft EIS. This material
was referred to in Chapter 5 of the Draft EIS on page 5-39.

The Final EIS analyzes the new waste package design (Alloy-22 outer shell with stainless-steel sleeve). The new
analysis conservatively assumes the nickel reaction with tuff would not take place. As detailed in Section 1.6 of the
Final EIS, bounding calculations (not taking into account many mitigating processes) still indicate a nickel
concentration producing only a small fraction of the oral reference dose for nickel.

7.3 (7232)

Comment - EIS001337 /0108

Page 5-6 Section 5.2. The postulated sequence of events does not include the potential for atmospheric releases due
to volcanism, gaseous releases, and human intrusion. Other possible sequences of events relating to atmospheric
pathways should be described and analyzed in the DEIS.

Page 5-16 3rd paragraph. Why did the DEIS not consider the potential for portions of the content of a waste
package to be brought to the surface as a result of drilling induced human intrusion? Such an occurrence seems
more plausible than release to the water table and would likely occur prior to drilling reaching the water table. In
practice, a drill penetrating a cask would likely result in fatal exposure to the drill crew at the surface and drilling
would likely not proceed to the water table.

Page 5-49 Section 5.10. Table 5-19 should also show LCF’s [latent cancer fatalities] during the year of projected
peak dose, which is expected to be some time after 10,000 years.

Response
The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and

volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term

radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

One change in the EIS is that now there is an aerial pathway release from the analyzed eruptive scenario. The dose
rates in Chapter 5 are well below the 40 CFR Part 197 environmental protection standards. In addition, Section 5.5
discusses the potential impacts associated with atmospheric releases.

The drilling intrusion scenario is a prescribed scenario defined in the regulations (40 CFR Part 197 and 10 CFR
Part 63). As prescribed the scenario does not provide for effects on the drilling crew or any other transport to the
surface.
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In the preamble to 40 CFR Part 197, the Environmental Protection Agency recognized that, while there is no
scientific basis for limiting the time period of the individual risk standard to 10,000 years or any other period, there
is considerable uncertainty that current modeling can provide meaningful projections for tens of thousands to
hundreds of thousands of years. The preamble states that “Simply because such models can provide projections for
those time periods does not mean that those projections are either meaningful for decisionmakers or accurate.” It
further states that “ ... as the compliance period is extended to such lengths, uncertainty increases and the resulting
projected doses are increasingly meaningless from a policy perspective.”

The Environmental Protection Agency requires a calculation of peak dose (40 CFR 197.30) within the period of
geologic stability, which is 1 million years for the repository. The Agency requires DOE to include these results and
their bases in the EIS for Yucca Mountain as an indicator of long-term performance. This analysis also serves as
another source of information for the decisionmakers in making both design and licensing decisions. However, the
Agency has recognized the inherent uncertainties associated with these long-term projections and has, therefore, not
applied a regulatory standard to the results. Therefore, DOE considers estimates of resultant health impacts to be
too speculative and has not included them in the EIS.

7.3 (7404)

Comment - EIS001957 / 0023

Section 5.4 Waterborne Radiological Consequences -- This section of the draft EIS does not address potential
waterborne radiological consequences to Death Valley NP [National Park], its resources, staff, or visitors from water
from the regional groundwater flow systems overlain by the proposed repository. Analysis of those potential
impacts must be completed in the final EIS.

Also, there is little explanation of the basis for the estimation of a 1,150 person-exposure to possible groundwater
contamination events within 50 miles of the proposed site. We are concerned this underestimates the current
combined population and daily visitation in the area, and is even more inconsistent with projected trends into the
foreseeable future.

Response
As described in Section 3.1.4 of the EIS, DOE has conducted an extensive program to characterize the direction and

nature of groundwater flow from the Yucca Mountain site. The general path of water that percolates through Yucca
Mountain is southward toward the Town of Amargosa Valley, then beneath the area around Death Valley Junction
in the southern Amargosa Desert. The groundwater beneath Yucca Mountain merges and mixes with groundwater
beneath Fortymile Wash. This groundwater then flows toward, and mixes with, the large groundwater reservoir in
the Amargosa Desert. The natural discharge point of this groundwater occurs farther south in Franklin Lake Playa,
an area of extensive evapotranspiration, although a minor volume may flow south toward Tecopa into the southern
Death Valley area. A fraction of the groundwater might flow through fractures in the relatively impermeable
Precambrian rocks at the southeastern end of the Funeral Mountains toward springs in the Furnace Creek area of
Death Valley. Potentiometric data indicate that a divide could exist in the Funeral Mountains between Amargosa
Desert and Death Valley. This divide would limit discharge from the shallow flow system, but would not
necessarily affect the flow from the deeper carbonate aquifer that may contribute discharge to springs in the Furnace
Creek area (DIRS 100465-Luckey et al. 1996). Potential Furnace Creek area impacts would be less than the low
impacts described in Chapter 5 for Franklin Lake Playa because impacts would decline with distance from the
repository.

The 1,150-person figure referred to in the comment can be found in Section 5.4.1 of the Draft EIS and represents the
estimated population of residents that would continue to live in the present location. The Final EIS uses a figure of
74,000 people based on the projected population for 2035 (see Figure 3-20a of the Final EIS). This figure is much
higher than the Draft EIS because a much wider population was included (the whole southern half of the population
plot) for conservatism and the total population also increased somewhat from the year 2000 figures used in the draft.
Because it is impossible to make accurate predictions of future lifestyles and residence locations, the approach used
to estimate the potentially affected population is consistent with the recommendation made by the National
Academy of Sciences (DIRS 100018-National Research Council 1995). The population estimates in the Final EIS
have been revised to reflect the most recent population data. Section 3.1.7 of the EIS describes the derivation of
population estimates and Section 3.1.8 discusses an 80-kilometer (50-mile) population grid.
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7.3 (7580)

Comment - EIS001912 / 0070

Pg. 5-1 para. 2 states, “Therefore, analysis of impacts to land use, noise, socioeconomics, cultural resources, surface
water resources, aesthetics, utilities, or services after closure is not required.” Given that the actual consequences of
long-term repository performance is unknown, dismissing impacts to these resources is inappropriate at this time.
These resource impacts may be relevant under a worst case scenario.

Response
The cited statement needs to be placed in context. No analysis of the listed subject areas would be required for the

long-term postclosure period because no activities would take place that could affect these resource areas. All
impacts to these areas would take place before final closure.

The EIS presents the long-term performance results in probabilistic terms — a mean and 95th-percentile result. This
statistical spread reflects the range of possible behavior DOE believes is credible for the repository system based on
wide ranges of parameters. As such, the “worst case” is contained within the range of results. The worst case could
be realized as the results approached at the 100th percentile.

7.3 (7603)

Comment - EIS001912 / 0074

Again a worst case scenario needs to be included in the analysis of long-term repository performance. Potential
impacts to resources such as land use, consumptive water use, impediments to growth and loss of property values
need to be considered if the worst case scenario show a potential for radioactive waste contamination to exceed
regulatory levels.

Response
The EIS presents the long-term performance results in probabilistic terms—a mean and 95th-percentile result. This

statistical spread reflects the range of possible behavior DOE believes is credible for the repository system based on
wide ranges of parameters. As such, the worst case is contained within the range of results. The worst case could be
realized as the results approached at the 100th percentile.

The potential long-term (10,000-year) consequences of the proposed repository are presented in Section 5.4 of the
Draft EIS and include estimated groundwater concentrations of radionuclides (Table 5-7) for each of the three
thermal load scenarios evaluated. In addition, potential consequences (radiation dose) and human health impacts
(latent cancer fatalities) resulting from consumption and irrigation of food and feed crops are presented (Tables 5-4
and 5-5), for both reasonably maximally exposed individuals and populations for the three thermal load scenarios
evaluated. These estimated consequences are a small fraction of the environmental protection standards (40 CFR
Part 197) promulgated by the Environmental Protection Agency for the proposed Yucca Mountain Repository to
ensure protection of the environment and human health. Therefore, DOE expects no adverse radiation-related health
impacts of any kind to the population around Yucca Mountain within 10,000 years of repository closure. In
addition, whereas the repository design evaluated in the Draft EIS projected small releases within the 10,000-year
compliance period, the enhanced design evaluated in the Final EIS projects that the Proposed Action probably would
result in even smaller releases of radioactive contamination to the environment in the first 10,000 years after
repository closure.

With regard to potential impacts to regional use resulting from groundwater contamination, the new analysis
presented in the Final EIS projects that the Proposed Action would likely result in extremely small releases of
radioactive contamination to the environment in the first 10,000 years after repository closure. These releases are
estimated to result in an annual dose to the reasonably maximally exposed individual of less than .0001 millirem,
including milk pathways, which is more than 100,000 times less than the individual protection standard set by

40 CFR Part 197.

The long-term impacts on land use and property values are too speculative to be meaningful. After closure, DOE
would not modify or develop additional land. Therefore, all direct land-use impacts would have occurred before
closure. Secondary impacts to such resource areas as socioeconomics or land use would come from groundwater
contamination outside acceptable limits, but the EIS analysis shows there would be no case resulting in
contamination levels exceeding acceptable limits.
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7.3 (7616)
Comment - EIS002027 / 0003
What will we do when or if it gets in our water?

Response
The EIS analyzes the process of waste package failure and radionuclide migration; Chapter 5 presents the results of

the analysis as estimated dose to groundwater users after repository closure, at various distances from the Yucca
Mountain site. Because these estimated doses would meet regulatory and licensing requirements, the potential
impact to the population would be in the range where no additional water treatment would be needed for domestic or
agricultural use of groundwater at the populated locations. If the analyses determined that the repository would not
meet the requirements, DOE could not recommend the site, because it cannot plan to mitigate impacts thousands of
years in the future.

7.3 (7618)

Comment - EIS001912 /0109

None of the discussion in the long-term performance section has much to do with mitigation. It has more to do with
site selection, design, and defense in depth. Without these measures it is doubtful that DOE would even have a
proposed action which could meet regulatory standards.

Response
Section 9.2.10 of the EIS discusses mitigation measures related to the long-term performance of the repository.

DOE regulations (10 CFR 1021.331) require preparation of a Mitigation Action Plan when mitigation measures are
identified in a Record of Decision. Because DOE does not anticipate issuing a Record of Decision, a Mitigation
Action Plan might not be prepared. However, the Yucca Mountain site, if approved consistent with provisions of
the NWPA would be subject to licensing by the Nuclear Regulatory Commission. DOE, in submitting its
application to construct and operate the repository, would identify relevant commitments and contingencies,
including those identified in the Final EIS, for consideration. DOE would reasonably expect a comprehensive set of
mitigation measures or conditions of approval to be part of the licensing process.

The estimated long-term consequences associated with the repository (see Chapter 5 of the EIS) would be a small
fraction of the environmental protection standards (40 CFR Part 197) promulgated by the Environmental Protection
Agency to ensure protection of the environment and human health. In addition, whereas the repository design
evaluated in the Draft EIS projected small releases within the 10,000-year compliance period, the enhanced design
evaluated in the Final EIS projects that the Proposed Action would likely result in even smaller releases of
radioactive contamination to the environment in the first 10,000 years after repository closure (more than

100,000 times less than the individual protection standard set by 40 CFR Part 197). As a consequence, DOE does
not believe mitigation actions would be required to meet applicable standards, though some mitigation actions could
be required to meet License Application conditions or temper potential impacts not subject to regulatory standards.

7.3 (7729)
Comment - EIS002018 / 0004
How long will the nuclear waste be with us?

Response
Some of the radioactive half-lives of the waste materials proposed for disposal at Yucca Mountain are in the

millions of years. These time frames are far longer than any natural or manmade isolation system envisioned today
could be expected to totally contain the waste.

Eventually, the waste packages would fail to contain the waste. As discussed in Chapter 5 of the EIS, there would at
that time be small releases of gases to the atmosphere as well as releases to the underlying aquifer. With the
understanding that absolute assurance of “zero” release of waste materials is not possible over long periods, the
Environmental Protection Agency has promulgated environmental protection standards for the Yucca Mountain
Repository based on the concept of “reasonable expectation” (40 CFR Part 197). Prior to the Secretary
recommending development of the proposed repository, DOE comply with those standards as well as the Nuclear
Regulatory Commission’s Yucca Mountain site suitability standards (10 CFR Part 63). These regulations have been
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promulgated to ensure adequate protection of the public and the environment. The results in Chapter 5 of the Final
EIS indicate that the flexible design would meet the environmental protection standards.

7.3 (7785)

Comment - EIS001999 / 0001

In class we have been learning about what radiation can do and how long it can last and what effects it can have on
plants and animals. I don’t think we should put it in that mountain because if it does leak it’s going to seep into the
water supply. That is my main concern because eventually the desert uses that water and if it contaminates the soil
it will kill many plants and animals.

Response
Section 5.4 of the EIS indicates that predicted long-term levels of radionuclide concentration in groundwater and the

resultant dose levels at the predicted discharge area in Amargosa Valley, Nevada, would be low. DOE does not
expect that the dose rates to plants and animals at that location would cause measurable detrimental effects in
populations of any species because the rates would be less than 100 millirad per day. The International Atomic
Energy Agency concluded that chronic dose rates of less than 100 millirad per day are unlikely to cause measurable
detrimental effects in populations of even the more radiosensitive species in terrestrial ecosystems (DIRS 103277-
IAEA 1992). DOE acknowledged in Section 3.1.4.2.1 of the EIS that a small amount of groundwater might move
beyond the primary groundwater discharge point in Amargosa Valley to discharge in the Furnace Creek area of
Death Valley. However, even if this occurred, potential impacts in the Furnace Creek area would be even less than
those at the discharge location, because concentrations would decline with distance from the proposed repository.

7.3 (7794)

Comment - EIS001213 / 0002

Once it has been stored there, the DOE can only offer unreal and unproven long-term projections as [to] what the
consequences of such disposal would be. The TRANSPORT and STORE plan is pabulum when it comes to
addressing the long-term problem. It is a problem that is larger than many of the present election campaign issues.
Congress should not be resting on Laws that were passed in 1982. What might have been an acceptable two decades
ago is UNACCEPTABLE.

Response
DOE agrees that it can make only projections given the long timeframes involved. However, the objective is to

provide “reasonable expectation” of compliance with regulations and standards set forth by the Environmental
Protection Agency (40 CFR Part 197) and the Nuclear Regulatory Commission (10 CFR Part 63). Congress
commissioned these regulations through the statutory process.

The purpose of the proposed Yucca Mountain Repository is for “permanent” disposal rather than storage. The
concept of permanently disposing of nuclear waste in a deep geologic repository stems from studies initiated in the
1950s by the National Academy of Sciences. Continued studies here and abroad have concluded that deep geologic
disposal can keep nuclear waste isolated from the environment in geologic formations known to have been stable for
millions of years, thus providing a safe location for the waste to decay into a stable form. Sixteen nuclear nations
have sanctioned the repository approach to the disposal of spent nuclear fuel and high-level radioactive waste after
more than 30 years of consideration.

In 1980 the Department published the Final Environmental Impact Statement, Management of Commercially
Generated Radioactive Waste (DIRS 104832-DOE 1980). That EIS examined both geologic disposal and
alternatives to geologic disposal, including deep seabed disposal, ice sheet disposal, disposal in deep boreholes,
transmutation, and space disposal. It concluded, in agreement with the National Academy of Sciences, that deep
geologic disposal was the preferred alternative, and that the alternatives to geologic disposal other than continued
storage were not technologically viable at the time. Continued storage is viable and safe, but simply postpones the
decision to the future in the hope that technology to solve the problem will become available.

DOE’s Yucca Mountain-related activities are steered by the requirements of the NWPA, which directs the
Department to only consider the Yucca Mountain site for development of a geologic repository. As required by the
Act, DOE is proceeding with site characterization activities at Yucca Mountain to determine its suitability as a
potential repository for disposal of the Nation’s high-level radioactive waste and spent nuclear fuel. At the same
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time, DOE is continuing with development of a repository design for Yucca Mountain, which includes extensive
review by independent technical peers including the National Academy of Sciences and the Nuclear Waste
Technical Review Board. Ultimately, the repository would be licensed by the Nuclear Regulatory Commission,
using standards established by the Environmental Protection Agency. These scientific peer reviews and regulatory
requirements ensure that the repository design would be based on sound science.

7.3 (7826)

Comment - EIS001653 / 0023

Pg. 2-56 Sec 2.1.4 states, “This analysis used conceptual designs, which is typical of an EIS”. Conceptual designs
are not typical of an EIS when they have not been proven to work. It is appropriate to conceptualize designs, which
are known to work such as roads, bridges, buildings, etc. However, DOE cannot currently demonstrate with any
level of assurance which design may or may not meet regulatory standards. As of the date of publication of this
DEIS can DOE demonstrate with a reasonable degree of assurance which design alternative will perform to
regulatory standards? Subsequent to the release of the DEIS, has DOE dropped consideration of a hot repository? If
yes, it does not appear that the hot repository design alternative was viable-its certainly brings into question the other
as well. The FEIS should discuss changes to designs that have been made and how such changes improve
performance.

Response
The Draft EIS evaluates the preliminary design concept described in the Viability Assessment of a Repository at

Yucca Mountain (DIRS 101779-DOE 1998). It also evaluates the plans for the construction, operation and
monitoring, and closure of the repository. DOE recognized before it published the Draft EIS that plans for a
repository would continue to evolve during the development of any final repository design and as a result of any
licensing review of the repository by the Nuclear Regulatory Commission. The design evolution is evaluated in the
Supplement to the Draft EIS and integrated into the Final EIS. The Supplement to the Draft EIS incorporates new
information, including an improved understanding of the interactions of potential repository features with the natural
environment, the addition of design features for enhanced waste containment and isolation, and evolving regulatory
requirements. The design will continue to evolve in response to additional site characterization information,
technological developments, and interactions with oversight agencies.

For the reasons stated above, the analyses performed for the Supplement to the Draft EIS, DOE developed analytical
scenarios to estimate the range of environmental impacts that could result from the Proposed Action. These
analytical scenarios included the low, intermediate, and high thermal load scenarios presented in the Draft EIS, as
well as the higher-temperature and lower-temperature repository operating modes being considered for the reference
design. The low, intermediate, and high thermal load scenarios presented in the Draft EIS were not carried forward
to the Final EIS. Section 2.2.1 of the Supplement summarizes the operational parameters for the three thermal load
scenarios analyzed in the Draft EIS and the two repository operating modes analyzed in the Supplement. Section
2.2.2.2 describes the operational parameters for the higher-temperature and lower-temperature repository operating
modes. DOE developed these scenarios and operating modes to accommodate and maintain flexibility for the
potential future evolution of the design and plans for the repository. To not underestimate the impacts that could
result from future design evolution, these scenarios and operating modes incorporate conservative assumptions.
Sections 2.2.1 and 2.2.2 of the Supplement discuss the design and operational evolution, respectively.

The Supplement evaluates the environmental impacts of the flexible design higher-temperature repository operating
mode, which is the design focus of the Science and Engineering Report (DIRS 153849-DOE 2001). In addition, the
Supplement evaluates the impacts for the flexible design lower-temperature repository operating mode [which
embraces a range of operational parameters, as described primarily in Section 2 of the Science and Engineering
Report (DIRS 153849-DOE 2001)]. The differences between these modes deal with the highest postclosure
temperatures of the waste package surface, the temperature of the emplacement drift rock walls, and the overall
temperature of the repository rock. Section 2.3 of the Supplement describes the design modifications including the
addition of drip shields and refined waste packages. DOE is not currently considering any backfill in the
emplacement drifts as part of the design.

The Final EIS carries forward the information presented in the Supplement and addresses all aspects of the Proposed
Action, including the flexible design. DOE acknowledges in the EIS that the flexible design could be further
modified or refined during the license application process, if the site is approved for development. DOE believes
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that the information on the environmental impacts that could result from the Proposed Action or the No-Action
Alternative complies with the Nuclear Waste Policy Act requirements for a Final EIS to accompany any
recommendation by the Secretary of Energy to the President to approve Yucca Mountain for development as a
repository. This belief is based on the level of information and analysis, the analytical methods and approaches used
to represent conservatively the reasonably foreseeable impacts that could occur, and the use of bounding
assumptions where information is incomplete or unavailable or where uncertainties exist.

Chapters 4, 5, and 6 of the EIS describe the environmental impacts of the Proposed Action. The results in these
chapters indicate that there would be small risks associated with the proposed repository. However, prior to the
Secretary recommending development of the proposed repository, DOE must provide a reasonable expectation of
compliance with Environmental Protection Agency long-term environmental protection standards (40 CFR Part 197)
as well as a reasonable expectation that the Yucca Mountain site would meet the Nuclear Regulatory Commission
licensing requirements (10 CFR Part 63). These regulations have been promulgated to ensure protection of the
public and the environment.

7.3 (7962)

Comment - EIS002041 / 0005

My class and I are also worried about our water supply. If there is a leak from a cask and it goes into our water
supply almost or all the people would get contaminated.

Response
DOE is very concerned about the environmental impacts of the proposed Yucca Mountain Repository and the design

and evaluation of the repository reflects those concerns. The Environmental Protection Agency provides standards
for protecting public health and safety, including specific provisions for protecting the quality of water supplies

(40 CFR Part 197). DOE recognizes that groundwater and surface water provide potential exposure pathways and is
proposing a system of multiple natural and engineered barriers designed to protect human health and the
environment for thousands of years.

DOE includes groundwater pathways in its analyses of the health risks of the proposed repository. The largest
potential risk to groundwater users lies with the people of Amargosa Valley because groundwater in the saturated
zone beneath the proposed Yucca Mountain Repository flows in a generally southerly direction toward this
community.

The EIS examines the potential consequences to individuals in the Amargosa Valley from both radioactive and
nonradioactive contaminants transported through air, water, soil and food pathways. Chapter 5 of the EIS presents
an evaluation of the long-term environmental impacts of the proposed repository on the people of Amargosa Valley.
These evaluations demonstrate compliance with the Environmental Protection Agency environmental protection
standards. Therefore, DOE believes adverse health impacts to people in Amargosa Valley and Amargosa Desert
would be highly unlikely.

7.3 (8005)

Comment - EIS000817 / 0060

Has this fill placement system for closure really been thought out in detail? What about weight and pressure of the
fill on the containers? What happens when you cut the ventilation off? What goes first? -- The seals? The welds?
The supports for the casks? How will things fall apart inside and outside the cask over time? -- How will the casks
affect each other?

Response
Since the publication of the Draft EIS and the F'Y 01 Supplemental Science and Performance Analyses (DIRS

155950-BSC 2001), DOE has modified the repository design (flexible design) to include drip shields over the waste
packages and forced-air ventilation during the operation and monitoring phase. In addition to the elimination of
backfill material, the flexible design incorporates modified ground support and corrosion-resistant packages and
package supports. Detailed descriptions of the important features and degradation mechanisms of the flexible
design (including natural barriers, drip shields, and package failure modes) are described in the Total System
Performance Assessment — Site Recommendation (DIRS 153246-CRWMS M&O 2000). As discussed in that
document, the primary failure mode of the waste packages is expected to be at the welds where the outer and middle
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closure lids are joined. However, the analysis has determined that these failures are not likely to occur within
10,000 years of repository closure. However, failure of up to 5 waste packages because of manufacturing defects is
included in the model. Section 5.4 describes the potential long-term impacts of the flexible design.

The primary way in which casks affect each other is through the generation of heat or thermal load. In the Draft EIS
DOE evaluated three thermal load scenarios including: high thermal load [85 MTHM (metric tons of heavy metal)
per acre], intermediate thermal load (60 MTHM per acre), and low thermal load (25 MTHM per acre). In contrast to
the focus of the Draft EIS on areal mass loading, the flexible design focuses on controlling the temperature of the
rock between the drifts, as well as the surfaces of the waste packages and the drift walls, to meet thermal
management goals established for possible repository operating modes. As a consequence, the designs differ with
respect to some operating parameters. For example, the flexible design differs from the design evaluated in the
Draft EIS in the range of areal mass loading considered (25 to 56 MTHM per acre versus 25 to 85 MTHM per acre,
respectively). However, the flexible design would achieve its thermal management goals by varying other
parameters, such as the linear thermal load (heat output per unit length of emplacement drift, expressed in terms of
kilowatts per meter). The flexible design also would emplace waste packages relatively closer together than the
Draft EIS design, which did not consider linear thermal load. Under the flexible design, DOE could vary other
operating parameters such as ventilation rates and the blending of hotter and cooler spent nuclear fuel.

7.3 (8111)

Comment - EIS001653 /0070

Throughout the DEIS, DOE has relied upon boundary analysis to determine a range of possible impacts. If the
performance assessment process is currently unable to accurately predict possible long-term repository performance,
and the high thermal load alternative is no longer viable, does the analysis is Chapter 5 still depict a reasonable
range of impacts? Please explain.

Response
DOE used stochastic analyses to characterize impacts with respect to uncertainty in inputs, models, and

conceptualizations where possible, and has used a range of calculations as necessary to ensure that the predicted
impacts would be conservative (that is, would not underestimate impacts).

A high-accuracy prediction of impacts for the long periods involved for the disposal of spent nuclear fuel and high-
level radioactive waste is not possible and, therefore, the Nuclear Regulatory Commission and Environmental
Protection Agency regulations and the National Environmental Policy Act do not require such a level of accuracy.
Rather, they require the best estimate of the impacts, calculated using the best available information. Chapter 5 of
the Draft EIS did provide this estimate.

DOE has updated the repository design since publication of the Draft EIS to reduce uncertainties and to improve
long-term performance. The Final EIS evaluates this newer design, including the range of impacts that could occur
under different operating modes. The Department believes that the impacts presented in Chapter 5 represent a
reasonable range of impacts that could occur.

7.3 (8147)

Comment - EIS000817 / 0081

P. 3-14 -- As I look at the climate, it looks like there can be heavy downpours -- “an inch in a matter of hours” --
what do you do if you find out later that water is coming into the tunnels before expected? Can you pump it out or
dry it out in any way? Is there any brainstorming on such a problem? What do they do in mines when this happens?

Response
Heavy downpours of precipitation can occur anywhere in the continental United States. In desert environments such

as the Great Basin where the proposed repository would be, torrential rains are often accompanied by rapid surface
runoff, flooding, gullying, and other erosive processes because of the lack of vegetation and the thin soil cover.
These surface conditions mean that during large precipitation events the land is not able to absorb as much
precipitation as during comparable events in nondesert environments. DOE’s design for the surface facilities
includes water diversion structures to accommodate these possible events. These design features channel, divert, or
otherwise control this runoff to prevent incursion of this fluid into the subsurface facilities.
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7.3 (8175)

Comment - EIS000817 / 0089

I am very concerned about the evaluation of the peer review panel and their view on uncertainties in [the] corrosion
rate of the waste package. That is my biggest concern too. The NRC report says that the water seepage calculations
vary by several orders of magnitude -- why?

Response
As a result of the evaluation of the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE

1998) and concerns such as those of the Total System Performance Assessment Peer Review Panel, DOE changed
the waste package design and added a drip shield over the waste package. The waste package would have Alloy-22
as the outside layer with stainless steel on the inside. The titanium drip shield would add further defense-in-depth to
the design.

The peer review panel pointing out that DOE based the waste package corrosion model for Alloy-22 in the Viability
Assessment (DIRS 101779-DOE 1998) (and the Draft EIS) on very little data. In fact, it was based on expert
elicitation. For the Final EIS, DOE based the waste package corrosion model on corrosion experiments on Alloy-22
at Lawrence Livermore National Laboratory. Those experiments showed that Alloy-22 is very corrosion resistant
and, even accounting for uncertainty, would be unlikely to fail for many thousands of years.

Seepage remains uncertain because of heterogeneity of the rock. The seepage models acknowledge and account for
the uncertainty. In addition, DOE has added a drip shield to the design to help mitigate some of the uncertainty and
sensitivity to seepage. The recent corrosion data also indicates a reduced sensitivity of corrosion rates to seepage
(DIRS 155950-BSC 2001 and DIRS 153246-BSC 2001).

7.3 (8184)

Comment - EIS000817 / 0090

Scientists are conducting tests of the first full scale mock radioactive waste casks heated in the rock to see effect on
water -- did water actually “pour out of the borehole in July”? If so, then you have a lot of work to do in this area.
If chlorine 36 percolated halfway through the mountain in just 50 years, you have a big problem here. The fact that
concern over water collecting above the repository and heating up made you scrap the hot design just last year
shows you have a long way to go. 81 meters of spacing might not keep boiling water in drainage routes you expect.
You continue to be “surprised by the water.” It will go wherever it can. And you don’t know for sure how fast
radionuclides will travel through the rock either. It can hitch a ride on a lot of particles you may not expect at all.
What are tests here?

Response
The Drift Scale Test, which is a full-scale mockup of radioactive waste emplacement, is providing much useful

information about the movement of water in response to heat. DOE anticipated the fact that water collected in (the
comment says “poured out of”’) a borehole. During the test, the heating evaporates water out of the matrix, and the
water condenses in cooler regions and flows in the fractures. This test heats the rock to a similar degree as the
current repository design would and helps validate models of water drainage between the drifts. The design
analyzed for the Draft EIS would have boiled the water between the emplacement drifts and prohibited free drainage
during the boiling period. The uncertainties in analyzing the rewetting of the entire repository horizon were part of
the reason for the new design, which would have a portion of the rock between drifts below boiling, allowing
drainage.

The chlorine-36 analysis indicated that water moved quickly through known through-going faults and well-
developed fracture systems close to those faults. Overall, most of the water that infiltrates Yucca Mountain moves
slowly through the matrix of the rock during some of its journey to the level of the proposed repository. Similarly,
water (and radioactive contamination) would move through the mountain much more slowly than the limited
chlorine-36 data would indicate.

Other tests, such as radionuclide transport tests, helped develop conceptual models for radionuclide transport
through Yucca Mountain. The results of these tests constrain the useful data for the transport models. These tests
also looked at the mobility of particles of very small size. In addition, work done in cooperation with Nevada Test
Site geochemical investigations into the potential for colloids, very fine mineral particles, has shown there is some
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potential for colloid-enhanced radionuclide movement. These facts have been incorporated into the modeling of
radionuclide transport that is part of the total system evaluation in the Final EIS.

7.3 (8195)

Comment - EIS001873 /0014

Yucca Mountain is essentially a radionuclide delivery system. Eventually the repository will leak, canisters will
deteriorate, the environment will be contaminated and people will be exposed. Geologic and climatic events, which
cannot be predicted, will likely speed up the process, as will completely unforeseeable events involving human
intrusion.

Response
DOE acknowledges that it is not possible to predict with certainty what will occur hundreds or thousands of years in

the future. The National Academy of Sciences, Environmental Protection Agency, and Nuclear Regulatory
Commission also recognize the difficulty of understanding the behavior of complex systems over long periods. In
10 CFR Part 63, the Nuclear Regulatory Commission acknowledges that “proof that the geologic repository will
conform with the objective for postclosure performance are not to be had in the ordinary sense of the word because
of the uncertainties inherent in the geologic setting, biosphere and engineered barrier system. For such long-term
performance, what is required is reasonable expectation.” In 40 CFR Part 197, the Environmental Protection
Agency establishes “reasonable expectation” as a test of compliance, with diminished “weight of evidence” with
time. The Agency also recognizes the need for expert judgment in assigning scenario probabilities, selecting
simulation models, and assigning parameter distributions. Consistent with National Academy of Sciences
observations, DOE has designed performance assessments on a combination of mathematical modeling, natural
analogs, and the possibility of remedial action in the event of unforeseen events. These models, using the best
available information and methods, also account for the uncertainties related to the inability to accurately predict
geologic and climatic disruptive events as well as our inability to predict future human behavior.

DOE acknowledges that it cannot build a system that can provide perfect containment forever. This EIS provides
the Department’s best estimate of the impacts that could occur when the containment system inevitably degraded.
The updated analysis in the Final EIS projects between zero and five waste packages would fail due to
manufacturing defects within 10,000 years. This small number of package failures probably would result in
extremely small releases of radioactive contamination to the environment in the first 10,000 years after repository
closure (more than 100,000 times less than the individual protection standard set by 40 CFR Part 197).

7.3 (8197)

Comment - EIS000817 / 0091

To predict that the containers will last 10,000 years is absolute folly in my opinion. To expect one container to fail
in 1000 years is more folly. The fabrication of storage casks so far has been a disaster, and with so many new
designs coming up, and new fabricators and inexperienced subcontractors -- expect a lot less than perfection in QA,
fabrication, materials, inspections. As more and more casks are needed by commercial reactors, and the need is to
get them “fabricated yesterday” as pools are filling rapidly -- expect more of the likes of March Metalfab -- where
some weld repairs were not even documented! (People have been forbidden from this work as punishment for NRC
[Nuclear Regulatory Commission] violations.) And even the NRC, in licensing the certificates for more and more
casks, is making a huge mistake in “generic” rulemaking and handing out exemptions, as far as I can see it.

Response
The experiments and analyses documented in the Waste Package Degradation Process Model Report (DIRS

151624-CRWMS M&O 2000) provide the basis for the waste package modeling and life expectancies. This report
identifies and discusses each potential waste package degradation mode. The degradation model includes those
modes that analyses did not screen out as highly improbable.

The longevity of the waste package is a principal factor in the isolation of waste in the repository. The evaluation of
alternative waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years
for the reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions.
This container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a
high-nickel alloy (Alloy-22). However, the updated analysis in the Final EIS projects the probability that a number
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of waste packages would fail due to manufacturing defects. The probability of failure of waste packages is provided
in Table I-3.

Obviously, there is uncertainty associated with the extrapolation of experimental results for such long periods and
the other “human factors” mentioned in the comment. DOE selected the design analyzed in the Final EIS to
mitigate the uncertainties by adding features (such as the drip shield) to provide defense-in-depth. This provides
greater assurance that the repository would meet its performance standards in the face of uncertainty.

7.3 (8200)

Comment - EIS000817 / 0093

You know for Mr. Van Luik to say “In some sense, it’s science fiction to project out 300,000 years,” is right -- it is
science fiction. For him to say then, “Absolutely nobody is going to get hurt by this repository for hundreds of
thousands of years,” implies that then somebody will -- this is all fiction too -- it may happen long before then.

Response
The quotations cited in the comment were part of a discussion of how uncertainties spread and grow with time

because there is no sure way to forecast the future. However, the second quotation is a judgement made by a DOE
employee in the face of that uncertainty. In other words, as time projections move farther away it is less likely that
they are reliable, but we have greater confidence in the first few hundred thousand years, and greater confidence yet
in the first 10,000 years.

Uncertainty is a reality when projecting the actions of natural processes in the future. Uncertainties are introduced
by the long timeframes involved and by the evolution of natural and human systems over time. In addition,
uncertainties remain about the heterogeneous nature of the site and the innate complexity of an engineered system
placed within a natural system. However, this does not mean there is an inability to capture the long-term behavior
of the system within a distribution of probable outcomes generated through accepted probabilistic analysis
techniques that cover a range of potential futures.

In recognition of the complexity of such techniques and what the results mean, and in recognition of the genuine
uncertainty in the results, DOE is using several other approaches to build confidence in the overall safety of the
system. First and foremost is demonstrating that the mean values of properly conducted probabilistic calculations
are realistic or conservative (not optimistic) indicators of likely performance. Next is the demonstration of a margin
between these results and the applicable safety standards. Finally, there is a defense-in-depth approach that can
include the use of an additional barrier to provide assurance.

DOE is charged with providing a safe facility for disposing of the Nation’s spent nuclear fuel and high-level
radioactive waste. In the 1980s regulators made special provisions for the irreducible uncertainties that come with
evaluating systems over unprecedented periods. Nevertheless, where those uncertainties could bring system safety
into question, action must be taken to ensure confidence. DOE must be confident in its ability to ensure safety at
Yucca Mountain. Without confidence within DOE, the Secretary will not recommend the Yucca Mountain site to
the President. But confidence does not mean the lack of all uncertainty; rather, it means that uncertainties are
recognized, evaluated, and in some cases dealt with through taking action to remove or lessen the importance of an
uncertain process to potential performance.

7.3 (8206)

Comment - EIS000817 / 0096

P. 3-51 -- Single borehole tests prove nothing -- I wonder how the groundwater path may change over time or the
saturation zone level -- you can’t take for granted that water flowing out of the repository in the future will do what
you expect. What if the tunnels are “washed out” long before you expect?

Response
Single-borehole tests constitute one of many sources of data and information that DOE used to prepare the analyses

summarized in this EIS. The reference to single-borehole testing in Section 3.1.4.2.2 includes qualifications of the
limitations of such tests, and DOE has used the derived information accordingly.
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The future states of the saturated zone system are included in the saturated zone process modeling which supports
the total system performance assessment model. Modeling incorporates uncertainty in many aspects of the flow
system (including climate change) and makes a number of conservative assumptions (dilution rates, for example) to
avoid any chance of underestimating future impacts.

The tunnels in which DOE would emplace the waste are in the unsaturated zone. The long-term geologic record
provides nothing to suggest that the tunnels would wash out during the life of the repository.

7.3 (8209)

Comment - EIS001021 / 0003

We are assured the Yucca Mountain waste containers are invulnerable. However, there is abundant evidence of
leakage from the current repository casks at nuclear power and weapons plants. Why hasn’t this same degree of
proposed engineering safety been built into existing facilities?

Response
DOE acknowledges the difficulties in design and implementation of effective quality assurance programs.

However, much has been learned over the past decades about the fabrication, installation, and maintenance of
components important to nuclear safety.

The longevity of the waste package is a principal factor in the isolation of waste in the repository. The evaluation of
alternative waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years
for the reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions.
This container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a
high-nickel alloy (Alloy-22). The updated analysis in the Final EIS projects that the Proposed Action would likely
result in extremely small releases of radioactive contamination to the environment in the first 10,000 years after
repository closure (more than 100,000 times less than the individual protection standard set by 40 CFR Part 197),
which would be due to the probability that a small number of waste packages (between zero and three, and possibly
as many as five) would fail due to manufacturing defects. The probability of failure of waste packages due to
manufacturing defects is provided in Table I-3.

7.3 (8236)

Comment - 010229 / 0003

Section 3.2.3 discusses the predicted long-term performance of a Yucca Mountain repository. According to this
section, predicted radiation doses during the first 10,000 years are zero “...because waste packages would remain
intact for more than 10,000 years.” Unclear from this section is whether the analysis considered the potential for
defective waste packages to be produced that could fail in less than 10,000 years, potentially causing radiation

doses learlier than predicted in the supplemental draft EIS. The final EIS should discuss the potential for early (first
10,000 years) waste package failures.

For the S&ER design, the waste packages may contain more potentially toxic metals, such as chromium and nickel,
because stainless steel has replaced carbon steel as a component of the packages. The final EIS should provide new
estimates of the concentrations of these elements that humans could be exposed to through groundwater near Yucca
Mountain and should evaluate the potential cumulative public health and environmental hazards that could occur if
groundwater also contains radionuclides released from a Yucca Mountain repository.

Response
The Final EIS includes analysis of possible early failures brought on by defects in the waste package. The results

show a very small but not-zero dose from these failures (see Section 5.4).

The Final EIS contains an analysis of non-nuclear toxic materials based on the new design of the repository and
waste packages. The analyses show that even under very conservative and bounding assumptions, toxic materials
have no significant impacts during the compliance period. Further details can be found in Sections 5.6 and 1.6.
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7.3 (8320)

Comment - EIS001160 /0101

Page 5-38: The entire paragraph for Section 5.5.1 is vague. It doesn’t reference what estimates were used to arrive
at the calculation. Admittedly, carbon-14 release would in most probability be small, especially after traversing
from storage facility to outside air. However, because the data points were not included, even in the appendices, the
reviewer cannot ascertain how the conclusions were reached. Any time “average values for stochastic (random)
values” are used, it leads the reader to the suspicion that the values were “made up.” The 14C existing in the
atmosphere is being formed continually as a result of nuclear reactions between atmospheric nitrogen and neutrons
from cosmic rays (DOE Radiological Handbook). At the very least, the baseline data used for this computation and
the assumptions made should be listed in the appendices for confirmatory purposes.

Response
Section 1.7 details the assumptions used to estimate impacts of atmospheric releases provided in Section 5.5.1. The

most important factor for estimating impacts is the expected waste package failure rate. To simplify the analysis,
DOE used the average values of stochastic distributions to represent the failure rate. Because the impacts would be
exceedingly small, DOE believes that using average values was appropriate. In addition, whereas the repository
design evaluated in the Draft EIS projected small releases within the 10,000-year compliance period, the enhanced
design evaluated in the Final EIS projects that the Proposed Action would likely result in extremely small releases of
radioactive contamination to the environment in the first 10,000 years after repository closure (more than 100,000
times less than the individual protection standard set by 40 CFR Part 197), which would be due to a small number of
waste package failures (between zero and five packages) due to manufacturing defects. DOE has updated Section
5.5.1 of the EIS to reflect impacts of atmospheric releases resulting from these package failures.

7.3 (8334)

Comment - EIS000817 /0115

P. 5-3. Why [are]”idealized” packages with “identical contents” evaluated? This is certainly not dealing with
reality. And the steady level of radon will produce problems if it escapes into any monitoring enclosure or if some
mechanical robotic things don’t function right and people have to go in there and fix things to retrieve the waste
later on.

Response
The commenter is correct in that different waste packages would have different radionuclide inventories. The

assumption of idealized waste packages with identical inventories was necessary because it is not practical to model
12,000 individual waste packages. However, the use of conservative assumptions related to waste package failure
and affected inventories provides reasonable expectation that the potential impacts are not underestimated.

If it became necessary to reenter the repository area, radon and heat protection would be provided by forced
ventilation. In addition, protection from direct radiation exposure would be provided, where necessary, by shielding
and remote operations similar to emplacement operations. As with emplacement activities, equipment breakdown
would be an expected occurrence and has been planned for in such a manner as to ensure the safety of repository
workers.

7.3 (8335)

Comment - EIS000817 /0116

P. 5-4. 250 types of DOE fuel? 16 categories? Wow! What a mess of different materials all together when they
degrade. I don’t see how you can evaluate possible interactions of materials for all this in the big “radioactive soup”
of Yucca Mountain at the point all the casks degrade and get wet. Seems impossible. Too big a risk to take.

Response
To allow for a practical long-term performance assessment of a complex system such as the proposed repository,

certain simplifying assumptions must be made. DOE recognizes that these simplifying assumptions introduce
uncertainties into the final result. These uncertainties are minimized to the extent possible by use of conservative
assumptions, where appropriate, to provide reasonable expectation that potential impacts are not underestimated.
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DOE confidence in the disposal techniques is based on defense-in-depth that, for example, places drip shields over
waste packages to account for uncertainties. DOE has adopted an assessment approach that explicitly considers the
spatial and temporal variability and inherent uncertainties in geologic and biological components.

DOE believes this process results in a representative estimation of impacts that is sufficient for comparing the
relative merits of the various repository scenarios. DOE continues to evaluate the sufficiency of its approach to
dealing with uncertainty at the process level (scientific) as well as the system level (modeling). A task force is
reviewing and outlining further work to be completed on uncertainties before the time of License Application,
should the repository be recommended as a suitable site.

7.3 (8336)

Comment - EIS000817 /0118

P. 5-5. You say the material “screening process” considered total inventory, solubility of the material in water, and
chemical toxicity -- but all these materials -- under heat, pressure, and radiation -- could form new materials,
couldn’t they? And don’t count on water to dilute things. Could water make some reactions worse? How do
concrete binders and conditioners react with material in degraded BPRAs [burnable poison rod assemblies], for
example? You say DOE “selected” chromium, molybdenum, and uranium for detailed assessments. Why wasn’t
every material possibly created in there given a detailed assessment? The biggest mistake NRC [Nuclear Regulatory
Commission] made in certifying the VSC-24 [Ventilated Storage Cask, Model 24] cask was that neither NRC, the
vendor, or the utility looked at possible material interactions during all handling procedures -- and the casks’ effect
on pool water as well as the pool water’s effect on the cask! Presto -- an explosion at Pt. Black in Wisconsin that
nobody -- nobody expected. So don’t expect me to be satisfied with your “selecting” certain materials to look at for
detailed interactions. Looks like alloy-22 may not be the answer for a waste container material if it’s going to cause
many problems when casks finally fall apart and get into the water.

Response
DOE cataloged all materials in the repository (see Draft EIS Table I-10). DOE did not arbitrarily “select” a few

materials but rather used the screening process that consisted of a very conservative process to determine which
materials could present higher than insignificant impacts (Draft EIS, Section 1.3.2.3). These materials were then
subjected to a full transport analysis using the same mitigating processes as for the radionuclide analysis (Draft EIS,
Section 1.6). The starting list was developed in terms of chemical elements (1) because all materials of concern are
inorganic and (2) because they are then free to form any species (again a conservative approach). The elements
would retain their identity (there would be no significant transmutation effects other than decay in these waste
materials). The only new materials formed would be various inorganic oxides, chlorides, carbonates, etc. The main
concern would be the dissolved ionic forms (such as Cr+6).

This comment asserts that DOE cannot rely on water for dilution. The Department maintains that, in this system
where concentrations are generally small and water is abundant in the saturated zone, such reliance is reasonable.
The anecdote concerning a cask does not seem to bear any analogy to the chemical transport concern that this
comment addresses.

In the Final EIS the original screening analysis has been replaced by a somewhat different one, but the specific
materials emerging are the same. An analysis of the remaining materials continues to indicate that no impacts of
concern would be likely. This is due largely to the drip shields and other new design features that greatly curtail
corrosion of chromium-, molybdenum-, and vanadium-bearing materials.

7.3 (8337)

Comment - EIS000817 /0119

P. 5-6. Are you sure about trapped gases? Zircaloy can create hydrogen, can’t it? Under what conditions?
Remember the bubble at Three Mile Island? What caused it? Do we even know really? Or do we know the
makeup of the mess left at Chernobyl? Really, do we know the content and interactions there?

Response
Zircaloy can evolve hydrogen gas through chemical reactions with water at very high temperatures. These are the

types of temperatures that can occur under severe accident conditions at nuclear reactors (for example, Three Mile
Island and Chernobyl). At repository temperatures, however, Zircaloy could not evolve hydrogen gas.
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7.3 (8339)

Comment - EIS000817 /0120

P. 5-7. Water and the waste package = what? You worry most about drips from above. -- But -- be creative. --
What else could water do in there? Could it actually condense on the surface of the cask under certain conditions?
Especially as the thermal load becomes less over time? Could it collect on the stands holding the casks and form
rust there? Think of your water heater in your basement on bricks -- the plumbers always put it on something to let
air circulate beneath the bottom surface in moist basements and where does the hot water heater rust and leak? On
the bottom where its surface is on the bricks most likely, right? Or could water collect on the floor of the tunnels --
run in there from fracture paths? Could the drift liner actually be a hindrance by causing moisture to collect on its
outer surface or on its inner surface? Could the drift liner crack and let water come in there? Could the drip shield
crack if rocks fall on it, and actually exacerbate corrosion by causing water to drip on one area of the cask a great
deal by being sort of funneled to the lowest point of the drip shield? -- What could end up focusing a water drip, or a
water collection, on one specific area of the cask, causing a hole to form or exacerbate degradation? All sorts of
things could happen -- a chip or dent or uneven surface causes water to collect. -- Look at your concrete driveway. --
The pits are the low points and that’s where cracks start too. With nobody to check the concrete or the metal as they
do at ISFSIs [independent spent fuel storage installations] at reactors, things will just get worse over time if a cask or
drift wall has a fabrication defect or is damaged in handling.

Response
In the analyses for the Final EIS, DOE formally documented a screening process for features, events, and processes

(DIRS 154365-Freeze, Brodsky, and Swift 2001) that itemizes all known factors that could affect the performance
of the repository, from which a determination is made whether to include it or exclude it from the Total System
Performance Assessment model used for long-term performance analysis in this EIS. The database discusses each
feature, event, and process, along with references to the analysis documenting the screening argument for excluded
items or the disposition in the Total System Performance Assessment model for included items. The analysis
screens out a factor if it has low probability or low consequence. The issues listed in the comment (condensation,
rusting at contact points, rockfall, focused dripping, etc.) are examples of features, events, and processes that DOE
has considered in the screening process and, as appropriate, included in the Total System Performance Assessment
model.

7.3 (8356)

Comment - EIS000817 / 0123

P. 5-10. Why would the water and gas flow back to the repository? What else could happen here? Temperature
and pressure effects on water movement [are] of the utmost importance here. As is rock mineral alteration. We
need to know the answers here.

Response
As described in Section 3.2 of the Total System Performance Assessment-Viability Assessment Plan (DIRS 100319-

CRWMS M&O 1996) and referred to in the EIS, moisture in the rocks around the repository could be vaporized by
the postemplacement thermal pulse and driven away from the repository. As this vapor moved away from the
heating of the repository, it would eventually condense into liquid. Once condensed, some of this water could
intercept the repository and some could flow past the repository. During this period, there would be no additional
temperature and pressure effects on the water movement, although the temperature of the flowing water would
respond to the ambient conditions of the material through which it would flow. In addition, free water moving
through the rock and soil above the repository could affect the local geochemistry, to include even localized
alteration of minerals. However, mineral alteration in this context would be confined primarily to the minerals
exposed on fracture surfaces, with minimal matrix alteration. DOE expects that the products of this mineral
alteration would have no significant effect on the performance of the repository.

The EIS incorporates the possible effects of this water on waste package corrosion and other elements of the
engineered barrier system. Chapter 5 of the Total System Performance Assessment - Viability Assessment Plan
(DIRS 100359-CRWMS M&O 1998) describes the possible corrosion reactions due to water entering the repository.
No other effects are likely from the movement or presence of this condensed water.
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7.3 (8358)

Comment - EIS000817 / 0124

P. 5-13. Vapor processes need a lot of study as does solubility of materials from casks. Why are we dealing with
only “pits and patches”? What about cracks? Especially cracks in welds? Could high thermal loads and radiation
exacerbate any small crack that was initially acceptable in UT tests [ultrasonic tests]? Could the crack lengthen or
deepen or widen? Current UT testing does not do well with (1) cracks in a line but not connected, (2) parallel
cracks, (3) radial cracks, (4) the width of cracks, or (5) transverse cracks. Just how will DOE criteria for closure
welds on casks deal with this issue? It took something like 9 months for Palisades to find cracks in welds “to be
acceptable” after UT tests on the pad on loaded casks. Then NRC [Nuclear Regulatory Commission] allowed
licenses to restrict movement temperature to 35° in order to allow larger cracks in the welds to be acceptable. The
cask was certified to be able to be moved at 0°. How will DOE deal with such a situation? How will welds be
tested? What cracks will DOE find acceptable? How will these cracks act over time under repository conditions?

Response
The Waste Package Degradation Process Model Report (DIRS 151624-CRWMS M&O 2000) and its supporting

Analysis Model Reports document all of the waste package degradation issues. The General Corrosion and
Localized Corrosion of Waste Package Outer Barrier (DIRS 152097-CRWMS M&O 2000) discusses the patch and
pit corrosion of Alloy-22 and determines that Alloy-22 is not susceptible to localized or pitting corrosion. The
Stress Corrosion Cracking of the Drip Shield, the Waste Package Outer Barrier and the Stainless Steel Structural
Material (DIRS 148375-CRWMS M&O 2000) discusses stress corrosion cracking in the Alloy-22 welds and
develops a model for calculating waste package failure by stress corrosion cracking. Analysis of Mechanisms for
Early Waste Package Failure (DIRS 147359-CRWMS M&O 2000) discusses testing for defects and analyzes the
mechanisms and probabilities for early waste package failures.

The issues mentioned in the comment, including cracks, are only some of the degradation mechanisms analyzed in
these reports. All credible mechanisms are considered. These analyses document the basis for the waste package
degradation model that supports the EIS.

This comment is correct in that weld failure could be an important mechanism. DOE recognizes that residual stress
in the weld at the time of manufacture, a well-characterized quantity can lead to the first very thin cracks that
constitute a waste package failure in the analyses. The remainder of the waste package is still there, of course, for a
long time after the first crack penetration in a weld. Two outer lids in the design means two consecutive weld cracks
would have to develop before water could contact the inner stainless-steel barrier. In addition, the analysis
conservatively assumes no containment credit for the stainless-steel inner liner.

7.3 (8402)

Comment - EIS001606 / 0002

When people speak about the science, you have got two conflicting methods of science currently. One would be
called deterministic where people go into the lab and take some water from Yucca Mountain and soil and rocks and
do experiments. And the others are the computer model people, and they don’t get along too well. And so we have
an ongoing problem.

Response
In DOE’s view, deterministic and probabilistic methods are complementary, rather than conflicting. Both methods

play a role in characterizing the Yucca Mountain site, developing the design, and evaluating the safety of the
proposed repository. The OECD Nuclear Energy Agency describes the roles, differences and commonalties of these
methods in “Lessons Learnt From Ten Performance Assessment Studies” (DIRS 103445-OECD 1997).

Laboratory and field experiments are obviously limited to specific sample sizes, volumes, and locations. DOE has
adopted a probabilistic performance assessment method that accounts not only for the spatial and temporal
variability and uncertainty in the properties of system components, but also limits to our knowledge and
information, unpredictability of some phenomena, and low-probability events. The method is widely accepted
nationally and internationally. It is based on recommendations of the National Academy of Sciences, the
Environmental Protection Agency, and the Nuclear Regulatory Commission. It provides an overall estimate of
repository performance for comparison to performance measures specified in 40 CFR Part 197 and 10 CFR Part 63.
It conforms to international practices in other countries, including Member States of the OECD Nuclear Energy
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Agency and the United Nations International Atomic Energy Agency. Peer review groups with expertise in the
analysis of environmental risks have endorsed it.

7.3 (8407)

Comment - EIS000817 / 0125

P. 5-13. I find the reference to colloids interesting, for I was reading about colloid transport in a book recently
concerning PCB [polychlorinated biphenyl] transport. It also referred to radionuclides moving faster than expected
when they attached to colloids.

Response
DOE recognizes that some radionuclides (for example, plutonium and americium) are subject to colloidal transport.

Sections 1.2.6, 1.2.7, and 1.2.8 of the Final EIS and their referenced sources describe the colloidal transport in the
Total System Performance Assessment model used to generate the estimates of long-term environmental impacts.
Through cooperation with other DOE scientific programs, substantial knowledge and experience have been gained
recently in modeling colloidal radionuclide transport in the repository environment. The Final EIS includes updated
results based the improvements in colloidal transport modeling techniques gained through these efforts.

7.3 (8413)

Comment - EIS000817 / 0127

P. 5-14. You say the dilution factor was “recommended in an expert elicitation exercise” -- What? This is curious.
Please explain. Is this all based on a recommendation by one person on his so-called “expert opinion”? Why?

Response
The expert elicitation process assesses uncertainties in processes where data are not readily available or are

obtainable only through an unreasonably large commitment of resources. Such an assessment enables analysts to
determine the range of possible values for parameters that pertain to the processes, and to sample this range of
values for modeling purposes. For example, measuring corrosion of waste package materials under real-time
repository conditions would take tens of thousands of years or longer. Therefore, DOE began testing of materials
under artificially accelerated conditions. For the purposes of the Viability Assessment and the Draft EIS, DOE also
convened a panel of corrosion experts to estimate the range of expected values for parameters used to calculate the
resulting range of corrosion rates. Similarly, expert elicitation resulted in a range of dilution factors for the saturated
zone modeling. The Viability Assessment of a Repository at Yucca Mountain contains details of this expert
elicitation (DIRS 101779-DOE 1998).

The process does not rely on a single expert. In the instance mentioned in this comment related to dilution factors,
five panelists participated in a 3-day meeting, as documented in CRWMS M&O (DIRS 100353-1998). DOE
prefers, however, to obtain data through experiment and field-testing wherever possible. Therefore, the modeling
reported in the Final EIS has been updated. The corrosion model is now based on the results of the second year of
accelerated corrosion testing. The saturated zone dilution factor, although it has changed little from the expert
elicitation value, is now based on data obtained through the Nye County saturated zone drilling program coupled
with updated regional and local modeling of the saturated zone.

7.3 (8462)

Comment - EIS000817 /0138

P. 5-39 -- Alloy-22 needs questioning if it provides 70% of chromium. What else could be used? You don’t even
know the hexavalent chromium oral route exposure carcinogenicity now.

Response
DOE agrees that oral-route carcinogenicity for chromium is not well known. Because the carcinogenicity of

chromium in water has not been established, the Environmental Protection Agency drinking water recommendations
are based on the measured occurrence of elements such as chromium in public water supplies. It is these standards
for public water supplies to which EIS chromium concentrations are compared.

In the updated design in the Final EIS there is quite a bit more Alloy-22 and much of it is exposed on the outside of
the waste package and supports. However, because of the presence of the drip shields (made from titanium) water
would not conduct much of the chromium-bearing material during the first 10,000 years after closure. Thus, during
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this period, the most important mechanisms for mobilization of the chromium would be the very slow humid-air
corrosion of the exposed surfaces (under the drip shields) and diffusive transport of dissolved materials to the
unsaturated zone. To evaluate the potential outcome of these processes, a conservative calculation was made
assuming that all the exposed chromium material would corrode at the humid-air rate and immediately dissolve in
the unsaturated zone water. All of this material would then be diluted in the standard average uptake in the well at
approximately 18 kilometers (11 miles). The result shows concentrations would be well below the Maximum
Contaminant Level Goal for chromium (40 CFR 141.51). Because of the conservative nature of these calculations,
DOE believes that actual concentrations could be much smaller.

7.3 (8463)

Comment - EIS000817 /0139

P. 5-45. You cannot predict rock size in falls -- nor where they will hit the cask -- or if that part of the cask is
already corroded by drips, etc.

Response
The Drift Degradation Analysis (DIRS 119414-CRWMS M&O 2000) and the Engineered Barrier System

Degradation, Flow, and Transport Process Model Report (DIRS 151804-CRWMS M&O 2000) documents the
rockfall analysis. Based on the rock stresses in the mountain, the drift orientation, the rock fractures, and rock
heating and cooling, a model was developed to predict in a statistical sense the probability of a rock of a particular
size falling on a waste package. The maximum credible rock would be 13 metric tons (14 tons). For 10,000 years
or more, the waste package would withstand that size rockfall without damage. A drip shield over the waste
package would also withstand the rockfall. The drip shield and waste package combination would make a very
robust design that could withstand the rockfall. Even though the waste package is designed to withstand rockfall
for times exceeding 10,000 years, the model for cladding failure allows cladding to fail due to ground motion before
the waste container fails. Thus, the effects of seismic events are incorporated in the impacts reported in Chapter 5.

No one can predict exactly what rock could fall or how big it would be. However, the analysis does show that the
rocks would be small enough so that the waste package would not be breached from a rock fall. By the time the
waste package would have thinned to the point where it could be breached, it would have already corroded through
and been considered failed in the analysis. For this reason, the effects of rockfall on the waste package are not a part
of the long-term performance analysis in the Final EIS. The previously mentioned analysis showed the effects on
system performance would not be significant.

7.3 (8557)

Comment - EIS000817 / 0169

P. 9-13 Barriers: I’'m very interested in the ceramic coating idea, but [it] seems to me any rock fall could crack it
and exacerbate corrosion in the crack then. Drip shields could get dented by rock fall, form a “funnel type” area
where water collects, and also exacerbate corrosion by ending up directing more water on one area of the cask.
Could backfill provide a pathway for moisture to the casks, and prevent ventilation from evaporating moisture
collecting on the casks and stands?

Response
Ceramic coatings on the waste package or drip shield are not a part of the current design. If it became part of the

design, DOE would carefully consider the effect of rockfall and other requirements.

Analyses documented in the Waste Package Degradation Process Model Report (DIRS 138396-CRWMS M&O
2000) show that rockfall has an insignificant effect on either the drip shield or the waste package. For 10,000 years
or more, both the drip shield and the waste package would be strong enough to withstand the forces of 13 metric
tons (14 tons) of rock falling on them, which is the largest credible rockfall. Therefore, the effects of rockfall on the
waste package or drip shield would be insignificant and are excluded from the Total System Performance
Assessment model. Even though the waste package is designed to withstand rockfall for times exceeding 10,000
years, the model for cladding failure allows cladding to fail due to ground motion before the waste container fails.
Thus, the effects of seismic events are incorporated in the impacts reported in Chapter 5.

Backfill is not a part of the current repository design. It was removed from the design because its water-diverting
function was not important to the longevity of the newer waste package design, and also because its thermal
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insulation properties, as if it were a blanket, would lead to higher than desirable waste package internal
temperatures.

7.3 (8558)

Comment - EIS000817 / 0170

“Richards Barrier”? I’'m thinking of how we tried to preserve our garden carrots in sand in a container this year --
didn’t work. The sand may delay moisture reaching the package, but it could also be saturated and actually collect
moisture and hold it close to the cask surface, not allowing it to dry out at all. “Diffusion barrier,” if saturated
before expected, would also possibly bring water closer to the bottom of the cask and hold it there rather than letting
the cask dry out and remain above the emplacement drift and above seepage flow on the bottom floor. You seem to
be torn between ventilation keeping the cask dry and “smothering” the cask with some material to keep water away
from it. You can’t have both. Either air dry it or encase it, but make sure you have good reasons why.

Response
A Richard’s Barrier is a system of two layers of material, a finer one over a coarser one. Testing under many

conditions has shown that this barrier can be effective in diverting water because water, unless it is saturating all
pores, tends to stay in the finer grade material. It is an important design component in earthfill dams.

As the comment suggests, there are other considerations in the selection of a design and its features. In DOE’s
evaluations of design options, a Richard’s Barrier was included and tested among a number of designs and features.
The current design does not include either a backfill or a Richard’s Barrier, however. Section 2.1.2.4 summarizes
the reasons for the selection of the design and its features.

The invert material would be crushed tuff, the volcanic rock of the repository site. Although there could be
substantial water content in the invert as the repository cools, the waste package would begin to corrode as soon as
the relative humidity exceeded the threshold relative humidity (50 to 80 percent, depending on the temperature).
This would occur before the invert became nearly saturated as the comment suggests it might. Testing and analyses
suggest that Alloy-22, the material for the outer barrier of the waste package, would not be susceptible to localized
corrosion at contacts with the invert even if it has a high water content.

Ventilation would keep the waste packages dry and the relative humidity low to prevent corrosion before closure.
The corrosion models account for the effect of moisture, vapor and liquid, after closure.

7.3 (8560)

Comment - EIS000817 /0171

The idea of putting spent fuel in canisters first before [putting it] in the casks is an idea, but sounds costly and
certainly not “space saving.” Adds another containment to corrode through and sounds like a good idea to me. The
more full containment barriers, the better, as far as I'm concerned -- for if the welds “go” on one, at least there is
another beneath it. All these fillers and barriers have spaces between the particles for water to collect, so I distrust
any of them really. They may backfire in your expectations.

Response
The comment contains important insights that have been considered in the formulation of the design reported in the

Final EIS. For example, there would be two sequential outer lids and seals rather than one. The potential for
crevice corrosion in the gap between the inner and outer layers, as mentioned in this comment, is one reason for
using corrosion-resistant Alloy-22 as the outer layer of the waste package and stainless steel for the inner layer.
This combination of metals would not be susceptible to enhanced corrosion even if water entered the inevitable thin
cracks between the two metals.

The long-term performance analysis for this EIS conservatively neglected the potential benefit of stainless steel,
which is the inner barrier of the waste package, and thus neglects the potential delay to water entering a waste
package provided by this barrier. Its function is to provide structural strength for handling and emplacement of the
waste packages.

Approximately 99 percent of the commercial spent nuclear fuel would have Zircaloy cladding to help protect it. The
remainder of the commercial spent nuclear fuel either has stainless-steel cladding or developed perforations while in
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the reactor. The high-level radioactive waste (in a glass matrix) would be in a stainless-steel canister. This canister
would then be inserted into the waste package and would be in contact with its inner barrier of stainless steel.
Having the same metals inside each other minimizes the likelihood of crevice corrosion as water enters the cracks
between the two metals. But in any event, the canister is not modeled as a barrier either, for the sake of
conservatism. In addition, a drip shield over the waste packages would give further assurance that water would not
contact the waste for a long time.

7.3 (8563)

Comment - EIS000817 / 0172

“Getters” could hold water too, couldn’t they? I don’t know about iron oxides or aluminum in the waste packages.
If you ever had to retrieve the fuel -- this could create a real mess in getting assemblies out of a package. And ifa
canister breached long before expected -- (say a cave-in in the ceiling for some reason) -- could the filler exacerbate
corrosion if air and water get in the cask?

Response
Certain design conceptualizations for waste disposal call for the use of various materials with a propensity to sorb

radionuclides in waste packages, in backfill materials mixed with the invert material in drifts to support the waste
packages, or as part of the properties of the tuffaceous rock around and beneath the repository. However, the
repository design used in the EIS does not use or take credit for “getters,” as sorbing materials are sometimes called,
in the waste package. Although some arguments support the concept that some waste and waste package
degradation products might have sorptive properties, there is no credit for these phenomena in the performance
assessment model. Although some sorbing materials could retain water and complicate the analysis of corrosion in
the waste packages, the overall effect of the use of sorbing materials in the performance assessment would be to
make the performance assessment model less conservative. Thus, the present model and design are conservative
with respect to sorption processes in and around the waste packages, although some credit can be and is taken for
sorbing properties of the invert material in certain design conceptualizations of the engineered barrier system.

7.3 (8874)

Comment - EIS002086 / 0003

Although the EIS document reflects the examination of the analytical structure, accumulative impact evaluations,
and substantiates various scientific testing, various impact scenarios, etc., etc., for up to ten thousand years, the
secondary impacts have not been considered and the effects it will have on the environment, especially water. And
David Chavez spoke of some of the effects and some of the concerns that he has for his tribe. The Colorado River
Indian Tribes’ livelihood is based upon its economic base, agriculture, and water is very sacred.

Response
DOE has conducted an extensive site characterization program, including a study of groundwater flow in the region

around Yucca Mountain (See Section 3.1.4 of the EIS). The proposed repository would be in a closed hydrologic
basin from which surface water and groundwater leaves only by evaporation from the soil and transpiration from
plants. Based on the evaluations described in Sections 4.1.3 and 5.4, DOE does not believe that the watershed of the
Colorado River is at risk from contamination from the repository. As a consequence, there would be no impacts on
agricultural or economic resources in the Colorado River basin.

7.3 (8904)

Comment - EIS000869 / 0032

Groundwater contamination at the site could have devastating ramifications for the livestock and agricultural
communities surrounding the area, specifically the Amargosa Valley.

Response
This comment raises a concern for the well being of the people and livestock of agricultural communities,

specifically Amargosa Valley, the closest population center to the proposed Yucca Mountain repository. Amargosa
Valley is most at risk because the water in the saturated zone beneath Yucca Mountain flows in a generally southerly
direction.

The EIS examines the potential consequences to individuals in the Amargosa Valley from both radioactive and
nonradioactive contaminants transported through air, water, soil, and food chains. Figure 3-75 of Volume 3 of the
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Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998) illustrates the pathways
incorporated into the biosphere analyses; farming and agriculture practices are included.

The Viability Assessment (DIRS 101779-DOE 1998) describes a 1997 survey that permits an accurate
representation of agricultural practices within the 80-kilometer (50-mile) radiological monitoring grid surrounding
Yucca Mountain:

“Amargosa Valley is primarily rural agrarian. Agriculture is mainly directed toward growing livestock feed, for
example, alfalfa; however, gardening and animal husbandry are common. Water for household uses, agriculture,
horticulture, and animal husbandry is primarily acquired from local wells. Although sparsely populated, the
Amargosa Valley region does support a population of 1,270 in approximately 450 households. Commercial
agriculture in the Amargosa Valley farming triangle area includes a relatively large dairy that operates with
approximately 4,500 milk cows and employs approximately 50 people, a garlic farm that produces about

2,000 pounds of garlic per year, and a catfish farm that sustains approximately 15,000 catfish. The area contains
approximately 1,800 acres planted in alfalfa, 30 acres in oats, 80 acres in pistachios, and 10 acres in grapes.”
(DIRS 101779-DOE 1998).

Table 3-25 of that document specifies the consumption rates of drinking water and agricultural products, estimated
from the results of the survey and used in the biosphere model. Hence, there is a defensible and traceable basis for
addressing potential impacts to Amargosa Valley. Section 5.10 of the EIS describes the long-term environmental
consequences of the proposed repository on the people of Amargosa Valley.

7.3 (9028)

Comment - EIS001204 / 0005

The casks would corrode and even before that, would emit great heat and radiation, rendering the place toxic. It
would remain so until the year 207,000.

Response
The longevity of the waste package is a principal factor in the isolation of waste in the repository. The evaluation of

alternative waste package designs presents a sound technical basis for likely projected lifetimes beyond 10,000 years
for the reference dual-shell design under a range of thermal, geochemical, hydrological, and radiological conditions.
This container would consist of a thick inner shell of stainless steel and a thick corrosion-resistant outer shell of a
high-nickel alloy (Alloy-22). However, the updated analysis in the Final EIS projects between zero and five
packages failing due to manufacturing defects.

Before recommendation of the Yucca Mountain site for development as a geologic repository, DOE will have to
provide a reasonable expectation that the repository would meet Environmental Protection Agency standards

(40 CFR Part 197) to protect human health and the environment. Compliance with these standards will ensure that
concentrations of toxic materials would be such that the occurrence of adverse health effect would be highly
unlikely for all potentially exposed populations in the region of influence.

7.3 (9038)
Comment - EIS000817 /0117
P. 5-5. 1 think your theory that all these gases formed will decay, before canisters fail, is totally wrong.

Response
The wastes that would be disposed in the proposed Yucca Mountain Repository contain some radionuclides in

gaseous form. However, the half-lives of most of these radionuclides are short (on the order of a few hundred years)
compared to the waste package lifetimes (thousands of years). Thus, most gaseous radionuclides, except carbon-14,
would have decayed away prior to breach of the waste packages. Section 5.5 of the EIS describes the impacts of
carbon-14 releases.

The final EIS also considers (see section 1.7.3) the gas radon-222 that is formed as part of the radionuclide decay
chain resulting from emplacing uranium-234 in the repository. This gas is expected to decay before reaching the
ground surface because it has a half-life of about 3.8 days.
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7.3 (9150)

Comment - 010447 / 0001

I am most doubtful that the Yucca Mountain Project is based on sound science and undisputed facts establishing
long-term safety and stability of nuclear waste deposited there.

First, the region is suspected to be seismically active.
In addition, water flows beneath the mountain, so it could infiltrate the waste containers, corrode them and carry
radioactive waste into the groundwater.

Response
As discussed in Section 3.1.3.3 of the EIS, DOE has been monitoring seismic activity and studying the geologic

structure at and near Yucca Mountain since 1978. Using the results of these and other studies conducted in the
region, along with input from panels of recognized experts on seismic risks and hazards, surface facilities at the
repository would be designed to withstand the effects of earthquakes that might occur during the lifetime of the
facilities. The seismic design requirements for the repository specify that structures, systems, and components that
are important to safety must be designed to withstand horizontal ground motion with an annual frequency of
occurrence of once in 10,000 years. This is the equivalent of about a magnitude 6.3 earthquake with an epicenter
within 5 kilometers (3 miles) of Yucca Mountain.

The 1992 earthquake at Little Skull Mountain 20 kilometers (12 miles) southeast of Yucca Mountain was the largest
recorded earthquake within 50 kilometers (31 miles) of the proposed site of the repository. This earthquake, with a
Richter magnitude of 5.6, did not damage facilities or structures at Yucca Mountain. It did, however, cause about
$100,000 damage to buildings at the Field Operations Center in Jackass Flats about 2 kilometers (1.2 miles) from
the epicenter (about 4 miles from the Exploratory Studies Facility). These buildings were not constructed to the
seismic design specifications that would be used for surface facilities at Yucca Mountain.

The State of Nevada ranks third, behind Alaska and California, in seismic activity. Nevada’s reputation as a
seismically active state comes from major historic earthquakes in western and central Nevada with magnitudes of

7 or more on the Richter scale. This seismic belt may be an extension into Nevada of the Death Valley-Furnace
Creek fault system in southeastern California. The average frequency of earthquakes of magnitude 6.0 to 6.9 in
western Nevada has been about one every 10 years; earthquakes of magnitude 7 and greater average about one every
27 years. Yucca Mountain does not lie within this highly active seismic belt. Nevertheless, DOE estimated the
impacts from extremely large and unlikely seismic events (“beyond design-basis™) that could cause the waste-
handling building to collapse and damage the pressurized-water reactor fuel assemblies. DOE concluded that the
impacts from such an extreme event would be small because of the physical form of the fuel assemblies, protection
by the building rubble, and the long distance to the nearest population.

As described in Chapter 5 of the EIS, during the first 10,000 years after closure of the repository, earthquake-
induced shaking could dislodge rocks from the roof of the emplacement drifts. The likelihood of falling rocks
splitting open a waste package is essentially zero because waste packages would be protected by titanium drip
shields. Even if a drip shield were ruptured by falling rocks, the force and impact would be absorbed by the drip
shield and not transferred completely to the waste package. Furthermore, the metal walls of the waste package itself
would be designed to withstand the impact from falling rocks.

Based on the results of analyses reported in Chapter 5 of the EIS, DOE believes that a repository at Yucca Mountain
would have negligible short and long-term environmental impacts. DOE recognizes that some radionuclides and
potentially toxic chemicals would eventually enter the environment outside the repository. Modeling of the long-
term performance of the repository shows that the combination of natural and engineered barriers would keep the
release of radioactive materials during the first 10,000 years after closure to very small amounts that would be well
within the regulatory limits established by 40 CFR Part 197.

DOE acknowledges that it is not possible to predict with certainty what will occur thousands of years into the
future. Section 5.2.4 of the EIS describes how DOE dealt with these uncertainties. The National Academy of
Sciences, the Environmental Protection Agency, and the Nuclear Regulatory Commission also recognize the
difficulty of predicting the behavior of complex natural and engineered barrier systems over long time periods. The
Nuclear Regulatory Commission indicates that absolute proof is not to be had in the ordinary sense of the word (see
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10 CFR Part 63), and the Environmental Protection Agency finds that reasonable expectation, which requires less
than absolute proof, is the appropriate test of compliance (see 40 CFR Part 197).

DOE, consistent with recommendations of the National Academy of Sciences, has designed its performance
assessment to be a combination of mathematical modeling, natural analogues, and the possibility of remedial action
in the event of unforeseen events. Performance assessment explicitly considers the spatial and temporal variability
and inherent uncertainties in geologic, biologic and engineered components of the disposal system and relies on:

1. Results of extensive underground exploratory studies and investigations of the surface environment.
2. Consideration of features, events and processes that could affect repository performance over the long term.

3. Evaluation of a range of scenarios, including the normal evolution of the disposal system under the expected
thermal, hydrologic, chemical and mechanical conditions; altered conditions due to natural processes such as
changes in climate; human intrusion or actions such as the use of water supply wells, irrigation of crops,
exploratory drilling; and low probability events such as volcanoes, earthquakes, and nuclear criticality.

4. Development of alternative conceptual and numerical models to represent the features, events and processes of
a particular scenario and to simulate system performance for that scenario.

5. Parameter distributions that represent the possible change of the system over the long term.
6. Use of conservative assessments that lead to an overestimation of impacts.

7. Performance of sensitivity analyses.

8. Use of peer review and oversight.

DOE is confident that its approach to assessing the long-term performance of the repository addresses and
compensates for important uncertainties, and provides a reasonable estimation of potential impacts associated with
the ability of the repository to isolate waste over thousands of years.

7.3 (9200)

Comment - EIS002111 /0001

I"d like to show noncompliance and what should be further research with Yucca Mountain. Number one. Yucca
Mountain did not comply with all appropriate regulation Section 40 CFR of -- because of generation of hazardous
waste. Due to the corrosion, we’re going to have three processes. One, it’s generation of heavy metal plume;
second, followed by radionuclide; and third is production of mixed waste of heavy metals and radionuclides
presume.

Part of the page 528 is there is uncertainty in the EIS which claim the corrosion rate can be very high and very much
expectable if this is the correct curve. There are two tables, 5-1 and 5-2, which listed the concentration of heavy
metals and activity of radionuclide, and the way I can see it is the least -- no, the worst scenario showing in the risk
assessment. The USEPA [Environmental Protection Agency] has a guidelines for complex mixtures, just the
complex mixtures, and I listed one, two, three, four, and the latest one is there’s a guidelines which addresses the
future issue. DOE does not have an official procedure conducted risk assessment or complex mixtures.

There is only very limited information in the literature regarding what is complex mixture, and I’1l just elaborate it.
One is a Russian work, which was exposure threat to strontium and cesium and they show there was an interaction
synergism. The second I presented a paper in 1994 that on heavy metals would show a synergistic effect, the
problem which we have associated with risk assessment. Number one, there is no data provided for each if they are
alone. Then we don’t discuss what happened. Heavy metal would be probably more toxic, radionuclide will
generate free radical byproduct to the immune system. There is noncompliance with EPA assessment guidelines for
complex mixtures. One is important because if you’re taking -- let’s assume a 10 to minus EPA for chromium or
whatever -- I’m not using this exact -- complex mixture can pose 10 to the minus 3 to 10 to the minus 2 cancer risk.
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Response
DOE agrees that there is a likelihood that trace amounts of radionuclides as well as other metals dissolved from

waste packages and their inner structural materials could appear in groundwater at some time in the future. The
Department also agrees that there is merit in obtaining additional information on whether or not dilute mixtures
represent an enhanced — or in some cases perhaps a reduced — risk because of potential negative or positive
synergistic effects on toxicity from the presence of multiple metals and radioactive species. The Department feels,
however, that this is a basic research issue for those charged with the responsibility for setting environmental
protection standards. It is not specific to Yucca Mountain, but could apply as well to any other government,
industrial, or natural setting where there are metallic or radioactive elements potentially going into solution that
could reach the local water table. Therefore, it is not DOE’s responsibility to sponsor research under the Yucca
Mountain Project.

7.3 (9382)

Comment - EIS001888 / 0087

In discussing the effect of chemically toxic materials, DOE made the statement that organic materials (additions to
the concrete) “could break down completely in response to exposure to high radiation fields for 100 years or more
before closure.” Does this mean that all of the repository will be open for a minimum of 100 years. In addition if
there are high radiation fields, why is radiolysis ignored in the performance assessment calculations?

Response
The updated repository design discussed in the Final EIS does not employ the use of concrete liners. The modeling

of the corrosion of waste package materials and other barriers qualitatively included the radiolysis processes.
Radiolysis can be estimated through the use of reasonable assumptions about acid formation in nearby water, the
primary mechanism for radiolytic influence on corrosion. The natural environment has a minor contribution.
Alloy-22 was selected as a container material because it is corrosion-resistant in the ranges of alkaline as well as
acidic environments likely inside Yucca Mountain.

Federal regulations (10 CFR Part 63) require that the repository be designed to preserve the option of waste retrieval
on a reasonable schedule for as long as 50 years after the start of waste emplacement. Consistent with these
requirements, the operational plan for the Yucca Mountain Repository provides for a design and management
approach that isolates wastes from the public in the future while allowing flexibility to preserve options for
modifying emplacement and retrieving waste. This design would maintain the ability to retrieve emplaced materials
for at least 100 years and possibly more than 300 years in the event of a decision to retrieve the waste, either to
protect the public health and safety or the environment, or to recover resources from spent nuclear fuel.

7.3 (9392)

Comment - EIS001888 / 0097

The VA [Viability Assessment] waste-package design is not an effective defense-in-depth design. Design options
such as use of drip shields that were considered in the VA but not used in the TSPA-VA [Total System Performance
Assessment-Viability Assessment] design have potential to significantly improve repository system performance.

Response
After further analysis, DOE came to similar conclusions. The revised design analyzed in the Final EIS includes a

drip shield to provide defense-in-depth. The drip shield would be titanium alloy, a different material from those
DOE would use in the waste package. Titanium would degrade by different mechanisms and would respond
differently to the chemical environment, so it would degrade and fail by different processes from the waste package.
Furthermore, the drip shield would provide additional protection of the waste package from rockfall damage.

7.3 (9709)

Comment - EIS002154 / 0006

Now if it contaminates the water, because they’re going to have to use water to cool it. When that water drips down
into the water system, then the lower part of your body is going to be involved in it. I mean, what kind of thinking is
this? Do they have to have it all in one place? That’s ridiculous.
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Response
The proposed nuclear waste repository at Yucca Mountain is designed to permanently store commercial spent

nuclear fuel and high-level radioactive waste. The repository would be constructed in the unsaturated zone several
hundred feet above the zone containing groundwater aquifers. The repository is designed such that the configuration
of waste packages and underground storage tunnels would naturally distribute the heat load and produce only a
minimum heat stress to the surrounding rocks and adjacent waste packages. No water would be used to cool the
repository.

Chapter 5 of the EIS points out that if and when waste packages fail, the release of radionuclides to the unsaturated
zone and subsequently to groundwater would occur well after the repository had cooled, and would proceed at a
very slow rate. Chapter 5 and Appendix I present calculations that show the possible dose to receptors in the
Amargosa Valley at several distances from the repository. The calculations show that the dose to the population
would present very small risks to human health.

7.3 (9809)

Comment - EIS002070 / 0004

DOE claims to be using “sound science and engineering,” e.g. considerable commercial nuclear fuel is having
burnups of, e.g., 47,000 MW[megawatt]-days per Metric Ton Uranium, but the key assumption is for much less on
average (see p. A-14, Table A-5. (“averages” at 39,560 (PWR [pressurized-water reactor]) and 32,240 (BWR
[boiling-water reactor]) Where does the “average” come from????

Oops, your site won’t let me retrace my steps through the files so I can’t give page number references, but under the
spent fuel, TRW report dated (1998), See Appendix A, page A-14 Table 5, reference “a”) lists key assumptions
including number 039, that concern for criticality control extends beyond 10,000 years” which is appropriate in light
of chain reactions in natural uranium ores, the clear infiltration of water into the proposed (politically selected) site
as shown by the presence of Chlorine-36, e.g., deep in the proposed site, and the greater enrichment of, and presence
of plutonium (fewer delayed neutrons from fission) in “spent” nuclear reactor fuel.

Yet only 10,000 years is selected. Why, when that very page notes a requirement to consider impacts beyond
10,000 years. Certainly the uranium [U], half life over 500 million years for U-235, 4.6 billion years for U-239, and
even for Pu-239 [plutonium-239], about 24,000 years, shows that criticality will be of concern for far more than
10,000 years. NCCRG (North Carolina Citizens Research Group] also notes the huge number of assumptions in the
“engineering update to EIS file”” 3/99 (DOE website on Yucca [Mountain] DEIS), e.g. Section 2.1.1; yet many of
these assumptions maybe very difficult to achieve in practice and thus are far from suitable bases for analysis in an
EIS or elsewhere. For example, it is assumed that spent fuel is vertically loaded into a container free of liquids, but
in practice loading commercial reactor “spent” fuel into a cask almost always leaves some liquid because the loading
is done under water. Where is your analysis of how this can be avoided? This is a key issue because water is not
only able to facilitate corrosion in many ways, but it also transfers heat well, can provide oxygen to react with
zirconium fuel cladding, hydrogen by dissociation (or by Zr-H2O [zirconium-water] reaction) AND provides a
means of transport for fission products, uranium and/or TRU [transuranic] elements, and corrosion products of all
kinds. Also water turned to steam builds up pressure which can exploit leaks, force liquids and/or gases through
cracks, create gaps through thermal expansion, etc.

Response
DOE obtained the average burnup values listed in Table A-5 of the Draft EIS from the cited reference. DOE

analyses included spent nuclear fuel with a wide range of burnups, as discussed in Section 1.3.1. DOE updated the
inventory projections for the Final EIS.

The criticality analyses in support of the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-
DOE 1998) summarized in Section 5.2.3.6 of the Draft EIS and Section 1.2.12 in the Final EIS considered criticality
events occurring beyond 10,000 years. Because the waste packages should remain intact for much longer than
10,000 years, the analyses had to assume that consequences for determining the potential for criticalities after waste
package degradation necessarily would occur in the longer periods. The analyses showed negligible possibilities for
out-of-package criticalities in those long periods (see Section 5.8 of the Final EIS).
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With regard to the assumption that waste packages would be free of liquid, Volume 2, Section 6.2.1, of the Viability
Assessment (DIRS 101779-DOE 1998) states that wet fuel would be dried before being placed in the waste
packages. In addition, dry handling of spent nuclear fuel is an option in the design of the surface facility. Therefore,
the spent nuclear fuel would be free of liquid when placed in the waste packages.

7.3 (9811)
Comment - EIS001888 / 0397
[Clark County summary of comments it has received from the public.]

NPTE leakage in Santa Monica, CA. pertaining to the gas leakage in the water, has affected three states - California,
Nevada, and Glendale (OH?) and Washington. This leakage has been since 1989 and they have no way of cleaning
itup. It has caused cancer in these states and has affected the water and the air. This is my concern with the Yucca
Mountain Project a similar situation could arise here.

Response
The commenter’s concern relates to historical industrial leakage situations involving liquids and organic volatiles in

comparatively short design-life systems. These events have led to organic compounds leaking into groundwater
from underground storage tanks and pipelines. The materials that would be stored at Yucca Mountain would be
low-solubility solids, many of which would have limited groundwater mobility and are thus not directly comparable
to the situations cited by the commenter. Chapter 5 of the EIS provides information on the potential for long-term
impacts of the repository via all applicable pathways, including air and water.

7.3 (9883)
Comment - EIS001888 / 0430
[Clark County summary of comments it has received from the public.]

Design measures to mitigate the effects of events and processes (e.g., loss of water resources from contamination)
were also requested. Events and processes identified by commenters included: (1) criticality (different kinds of
events, multiple and repeated events, events resulting in explosions, events due to different fuel enrichments and
plutonium disposal), (2) extreme seismic activity (resulting in pathways for contaminant release), (3) volcanism
(volcanic explosions, consideration of “recent” events at Lathrop Wells cone), (4) tectonic events (crustal faulting),
(5) meteorological events, (6) hydrological events, and (7) biological events.

Response
DOE evaluated a wide range of factors as part of the long-term performance analysis to determine if the factors

would influence repository performance and should be included in the analysis. All the features, events, and
processes listed in the comment were considered. Some were screened out either because of low probability of
occurrence or because of low consequence (that is, repository performance would not be affected). The EIS and its
supporting documents discuss the screening process.

Section 9.2.10 of the EIS discusses mitigation measures related to the long-term performance of the repository.
DOE regulations (10 CFR 1021.331) require preparation of a Mitigation Action Plan when mitigation measures are
identified in a Record of Decision. Because DOE does not anticipate issuing a Record of Decision, a Mitigation
Action Plan might not be prepared. However, the Yucca Mountain site, if approved consistent with provisions of
the Nuclear Waste Policy Act, as amended, would be subject to licensing by the Nuclear Regulatory Commission.
DOE, in submitting its application to construct and operate the repository to the Commission, would identify
relevant commitments and contingencies, including those identified in the Final EIS, to the Commission for its
consideration. DOE reasonably expects a comprehensive set of mitigation measures or conditions of approval to be
part of the licensing process.

Design measures discussed in the Final EIS would mitigate some of the effects of various events and processes.
DOE has included drip shields and updated the waste package to be more robust and longer-lived. Both of these
updates would reduce the overall consequences, based on the involved uncertainties, associated with long-term
performance.
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7.3 (9886)
Comment - EIS001888 / 0434
[Clark County summary of comments it has received from the public.]

Others requested that the analyses consider gaseous pathways for radionuclide release, mineral deposits formed by
thermal fluids, thermal overloading, thermal-induced ecosystem affects, thermal expansion and later subsidence,
gaseous flux, groundwater heating, thermally induced fracturing affecting fluid flux, increased erosion due to ground
surface denudation, local meteorological effects, the quality of the rock below the repository horizon, and
radionuclide transport by mineral colloids.

Response
Section 5.5 of the EIS evaluates gaseous releases.

Mineral deposits formed by thermal fluids are included in the Total System Performance Assessment model used to
calculate impacts reported in Chapter 5 of the EIS. Mineral deposits would develop as refluxed water drips through
fractures and possibly onto waste packages throughout the boiling period. The effects of the salts formed in this
process are included in the waste package degradation process modeling supporting the Total System Performance
Assessment model.

What this comment means by the term “thermal overloading” is not sufficiently clear for a response, but DOE has
considered the long-term performance assessment for a range of thermal load scenarios in the EIS.

Section 5.9 of the EIS considers thermally induced ecosystem affects.

Thermal expansion and later subsidence was considered in development of the Total System Performance
Assessment model. The results can be found in CRWMS M&O (DIRS 153246-2000), as referenced in Appendix [
of the EIS.

Gaseous flux was not considered in calculating gaseous releases because the DOE conservatively assumed instant
transfer of gas-phase radionuclides to the atmosphere so that the flux to the atmosphere would be equal to the release
rate from waste packages as a function of time (see Sections 5.5 and 1.7 of the EIS).

Groundwater heating was included in the thermal-hydrologic process modeling supporting the Total System
Performance Assessment used to produce results for Chapter 5 of the EIS. An overview of the modeling of these
processes is contained in Section 1.2.3 with details in referenced documents.

Thermally induced fracturing affecting fluid flux was considered in development of the Total System Performance
Assessment model. Changes in fracture permeability around an emplacement drift because of thermal-mechanical
effects have been calculated. The effects would be primarily within about two drift diameters of the drifts. Since
the drift spacing is much larger (about 15 drift diameters), effects on large-scale flow and transport probably would
not be significant. In addition, thermal mechanical effects on drift-scale flow (in particular, on seepage into drifts
and radionuclide transport out of drifts) were neglected in the Total System Performance Assessment simulations
because they are thought to be of little importance (DIRS 153246-CRWMS M&O 2000).

Colloidal transport of plutonium was modeled for the Draft EIS, and the Final EIS contains an expanded model for
colloidal transport that extends to other radionuclides and contains a refined approach to the modeled processes (see
Sections 1.2.6 through 1.2.8).

7.3 (9965)

Comment - EIS002311 /0001

Section 5.7.3 of the 1999 Draft Environmental Impact Statement (DEIS) for the geologic repository for the disposal
of spent nuclear fuel and high-level radioactive waste at Yucca Mountain, Nye County, Nevada, was arguably
incorrect about the statement “Because the waste package would occupy about 40 percent of the space in a drift, a
falling rock would have a 40-percent chance of hitting a waste package,” because the statement assumes: 1) that the
“space” referred to is an area (as opposed to volume), and 2) the size of the rock.
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Response
DOE recognizes that the word “space” could be interpreted as an area or a volume. For the analysis in the Draft

EIS, the probability of a falling rock hitting a package was estimated based on the surface area of the packages
(footprint) and the cross-sectional area of the falling rock.

For the updated analysis in the Final EIS, DOE used the best available information to develop a model based on the
rock stresses in the mountain, the drift orientation, the rock fractures, and rock heating and cooling to predict
statistically the probability of a rock of a particular size falling on a waste package (DIRS 119414-CRWMS M&O
2000; DIRS 151804-CRWMS M&O 2000). This analysis determined that it would be highly unlikely for a rock
larger than 13 metric tons to fall on a waste package. Thus, the waste package has been designed to withstand that
size of rockfall without any damage. In addition, the newer design places a drip shield over the waste package that
would withstand the rockfall. The combination makes a very robust design that could withstand the rockfall.

Resistance to rockfall would hold true as long as most waste packages and drip shields retain their initial strength.
Results for undisturbed degradation show that nearly all packages would be at design integrity for well over the
compliance period of 10,000 years; in fact this holds true for well over 50,000 years. Therefore, the effects of
rockfall are not part of the long-term performance analysis calculations for the Final EIS since the Total System
Performance Assessment model was originally developed for the compliance period of 10,000 years prescribed in
40 CFR Part 197. In the case of long-term peak doses that would occur at 500,000 years, there could be some
seismic effects not accounted for because most packages would have been breached by that time. No analysis is
available at this time to determine how much this could affect the peak doses.

7.3 (10432)
Comment - EIS002194 / 0006
What this Department of Energy is doing to us is insane.

I am suffering because of what the Department of Energy is doing. Other people are suffering. Thousands and
thousands of people are suffering, and I want you to stop.

Again, I’d like an answer what’s going to disqualify it, what’s going to disqualify Yucca Mountain, and I want to
understand.

I would like for you to justify to me -- I’d really like to hear something about what you think you’re doing.

Let me flip through this one more second. Okay. Here we go. On page 67072 [64 FR 67072], it says here “with
respect to qualifying and disqualifying conditions, DOE believes that it is not reasonable or necessary to maintain
these conditions in a proposed new rule.”

As I read that, that says that if the DOE says it’s not reasonable or necessary to find any conditions which will
disqualify Yucca Mountain.

I want to know when we’re going to get the mountain back. Okay. I want to know when we’re getting that
mountain back.

When are you going to fill that tunnel back up, get that huge, ugly, disgusting, gross white boring machine out of
there -- and it’s boring.

Response
The EIS is only one in a series of documents prepared for the Site Recommendation determination for Yucca

Mountain. The President and Congress, if necessary, would make the decision to proceed with the project. The goal
of these documents is to provide the best available information as input to that decision.

This comment has extracted a quote from the preamble of DOE’s proposed Yucca Mountain Site Suitability
Guidelines (64 FR 67054, November 30, 1999) implying that DOE is dismissing the use of qualifying conditions in
the decision process. A more inclusive quote from the guidelines states:
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“With respect to qualifying and disqualifying conditions, DOE believes that it is not reasonable or necessary to
maintain these conditions in a proposed new rule. DOE proposes eliminating individual disqualifiers, since
maintaining them would mask how the system as an integrated whole would function, and would be inconsistent
with the NRC [Nuclear Regulatory Commission] proposal. The only appropriate disqualifier is the applicable public
health and safety standard.”

The prevailing scientific view is that the most appropriate method for evaluating if a site is suitable for a repository
is through a Total System Performance Assessment. Under 10 CFR Part 963, DOE would use this method to
evaluate if a repository at the Yucca Mountain site would be likely to meet applicable Nuclear Regulatory
Commission regulations and, thus, be suitable for development of a repository.

At the time the rule was proposed, DOE pointed out that it was replacing the use of individual disqualifiers with a
site suitability evaluation based on total system performance. This is in keeping with a generally accepted approach
that has international endorsement. The long-term performance analysis described in Chapter 5 of the EIS uses the
same approach as the Total System Performance Assessment referred to in the quote. The analysis compares the
Chapter 5 results to appropriate Environmental Protection Agency and Nuclear Regulatory Commission standards
developed in companion rules 40 CFR Part 197 and 10 CFR Part 63, respectively. This type of information will be
part of the input to the Secretary of Energy, who is responsible for the Site Recommendation, to the President for his
consideration in deciding whether to recommend the site to Congress, and to the Nuclear Regulatory Commission,
which would have to decide whether to license a repository at Yucca Mountain if the site was recommended by the
President and a recommendation is upheld by Congress.

7.3 (10440)

Comment - EIS002194 / 0014

If you’re going to do -- if you’re going to only go by TSPA [Total System Performance Assessment], then you guys
have to, you know, seriously think about the transportation.

Response
Chapter 6 of the EIS evaluates transportation risks as a separate consideration from the impacts evaluated by the

Total System Performance Assessment.

7.3 (10441)
Comment - EIS002194 /0015
I"d really like to see a response as to what will disqualify Yucca Mountain.

Response
Disqualification of the Yucca Mountain site could result from the inability of DOE to provide a reasonable

expectation that the long-term repository performance would meet environmental protection standards promulgated
by the Environmental Protection Agency at 40 CFR Part 197 and with Nuclear Regulatory Commission licensing
requirements specified in 10 CFR Part 63.

7.3 (10494)

Comment - EIS002211 / 0002

It’s axiomatic that the underground hydrogeologic domain is naturally ordered as in the state of variable dynamic
flux. You knew that from the beginning.

Over the entire term of the geologic time scale continuum from inception through cessation inclusively, it’s moving
as we speak. This earth is not a bowling ball. It’s not a monolithic solid steel sphere or anything of this sort.
There’s all kind of stuff under there.

There is more tonnage of bio-organisms within the earth than there is on top of it, on the onion’s wafer skin surface.
Ask any astronaut. It’s public, then.

So our domain is rather irrelevant compared to the much broader underground domain.
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You’re talking about a safety -- deep hydrologic -- what is deep about something that’s a depth of 900 feet along a
radius of approximately 4,000 miles?

Can you equate that right away? How about 1/32 of a vis -- it’s virtually surface, subsurface underground storage.

It shouldn’t be there because if you’re putting into directly injecting it into the environment, the ambient
environment, you know it’s going to end up as human accessible somewhere. Maybe Mesquite, maybe Pahrump,
maybe Ash Meadows, maybe Death Valley Junction, maybe Lake Mead. Maybe all of them combined.

It will be in the children’s milk and in their ice cream. It’s a little worse than arsenic.

Consequently, it’s impossible to guarantee the safe, secure and human intrusion impervious underground storage of
high-level nuclear waste by any combination of natural and engineered barriers and statistical probabilistic modeling
and institutional controls over any substantially enduring term, either at Yucca Mountain, Nevada, elsewhere
nationally or anywhere on this particular planet.

Billions to find that out and you are not sure of it yet; is that correct? So put the billions back and go do something
else, because you apparently don’t know how to do this.

Response
DOE acknowledges that the State of Nevada ranks third, behind Alaska and California, in seismic activity.

Nevada’s reputation as a seismically active state comes from major historic earthquakes in western and central
Nevada with magnitudes of 7 or more on the Richter scale. This seismic belt might be an extension into Nevada of
the Death Valley-Furnace Creek fault system in southeastern California. The average frequency of earthquakes of
magnitude 7 and greater average is about once every 27 years. Yucca Mountain is not in this highly active seismic
belt.

This comment refers to bioorganisms in the Earth. The existence of microorganisms is an issue because of the
possibility of microbially induced corrosion of metals.

DOE has updated the analysis of microbially induced corrosion for the Final EIS. Such corrosion is one of the waste
package degradation processes discussed in the Waste Package Degradation Process Model Report (DIRS 151624-
CRWMS M&O 2000). Experimental data described in that report show that Alloy-22 is not susceptible to
microbially induced corrosion. However, to account for uncertainty, the analysis multiplied the general corrosion
rate of Alloy-22 by an enhancement factor that simulates microbially induced corrosion. The Near Field
Environment Process Model Report (DIRS 153363-CRWMS M&O 2000) describes the analysis of microbes at
Yucca Mountain in more detail.

DOE acknowledges that it cannot build a system that can provide perfect containment forever. This EIS provides
the Department’s best estimate of the impacts that could occur when the containment system inevitably degraded.

The updated analysis in the Final EIS projects that the Proposed Action probably would result in extremely small
releases of radioactive contamination to the environment in the first 10,000 years after repository closure (more than
100,000 times less than the individual protection standard set by 40 CFR Part 197), which would be due to the very
unlikely event of between one and five packages failing due to manufacturing defects.

In addition to the 10,000-year compliance period, DOE has evaluated potential impacts for the period of geologic
stability at the repository (that is, 1 million years). This evaluation was performed, consistent with 40 CFR Part 197,
to gain insight into the very long-term performance of the repository and thus provide information for the
decisionmakers in making both design and licensing decisions. These results show a mean peak dose rate that
would be much lower than background levels (see Chapter 5 of the EIS for details).

DOE is aware of the importance of potential releases from a Yucca Mountain Repository entering the food chain,
particularly the milk supply, through groundwater pathways. This underscores the necessity of the system of
multiple engineered and natural barriers, working together, to keep water away from the waste and to protect human
health and the environment for thousands of years. The biosphere pathway model used for the long-term
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performance assessment in the EIS explicitly includes dairy farms and milk products in the food chain and potential
exposure pathways. In addition, the Yucca Mountain Project and the DOE Nevada Operations Office have
conducted environmental surveys to establish baseline concentrations of radionuclides in milk produced in the
region.

7.3 (10502)

Comment - EIS002138 / 0009

Page 1-14, table 1-9, why was a performance assessment calculations only modeled to the year 2055 when some of
the materials have a half-life of over a million years?

Response
The comment is actually about Table I-9 of Draft EIS Appendix I. That year is only a time chosen to compute the

inventory, and is not the time to which the analysis computed long-term impacts. As indicated in Appendix I, the
analysis computed impacts for 10,000 and 1 million years after closure.

The wastes listed in Table 1-9 are radioactive but do not have a constant activity level over time. A date was
therefore assumed for the purpose of establishing a start time and beginning inventory for the performance
assessment. DOE chose 2055 to provide the activity level of materials listed in Table I-9.

7.3 (10513)

Comment - 010116 /0012

Our computer programs have a difficult time predicting the weather one month into the future. Again DOE wants us
to believe that they have all the data to predict performance out past 10,000 years. And to be safe, the predictions
should go out to one half life of the actinides, that’s over a million years.

Response
The EIS discusses estimates of potential behavior, not predictions. These estimates were carried out to 1 million

years in the Draft EIS, the Supplement to the Draft EIS, and the Final EIS. The nature of these estimates is to
provide input to the decision whether to move ahead with the repository. The decision to close would not occur
until as much as 300 years from now, when a great deal of additional data and more advanced analysis techniques
would be available. Therefore, the degree of accuracy and level of knowledge in the estimates in this EIS are more
than adequate to assist in the initial decision. The standards for weather prediction are far more stringent than those
for the long-term predictions in the EIS because weather predictions have an immediate impact.

7.3 (10632)

Comment - 010140 / 0003

Now, on page 3-21, table 3-13, I’'m not going to go through all the different ones. That will be in my written report.
But one of them, the experimental corrosion data replaces expert judgment. That was the rationale on why the
estimated effect would be the decrease in dose up to 10,000 years. And the reason for that was that they claim that
there will be no failure of any cask for 10,000 years based on this new alloy that they’ve had about a year’s worth of
study on. This is a very interesting piece of data.

DOE has improved the waste package on paper and now admits the waste package will fail before the half-life of
plutonium is reached. The nonexistent natural barriers will be all that will be left after 10,000 years. Plutonium and
the actinides with one half-life of at least a million years might as well be buried in a hole in the ground.

This entire analysis depends on the very limited corrosion data of Alloy 22. There’s conflicting data on the accuracy
of this data. And a small variation will result in a significant decrease in the life of the engineered barrier.

Response
DOE based the development of models that predict the performance of corrosion-resistant, nickel-based Alloy-22 in

the repository on data from research literature and testing (including long- and short-term tests). The Department
conducted long-term tests under expected repository conditions, and short-term tests under both expected repository
conditions and very aggressive conditions. The American Society for Testing and Materials codified this approach
in a standard procedure (DIRS 105725-ASTM 1998). Analyses of the tests use a suite of tools, including standard
microstructural evaluation and atomic force microscopy, which permits the examination of surface films in such
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great detail that even very slow degradation rates can be evaluated. Over the next several decades DOE would
continue to test samples of Alloy-22 and other alloys that would be exposed in the repository to confirm the results
collected to date. In addition, DOE would explore analogs of Alloy-22 to provide confidence in the long-term
performance of Alloy-22.

DOE based its selection of materials on input from independent experts and laboratory tests, and from the actual
performance of materials in full-size industrial applications. The corrosion tests involve Alloy-22 and other
candidate waste package materials subjected to environments that are at least as aggressive as any expected inside
Yucca Mountain. DOE would continue these tests during waste emplacement operations to confirm the expected
waste package performance.

In the Final EIS, analyses have been refined and include early failures caused by defects in the waste package. The
results show a very small dose from these failures. See Section 5.4 of the EIS for more details.

7.3 (10670)

Comment - EIS001966 / 0010

On-site storage at generation plant locations or Part 72 ISFSI’s [independent spent fuel storage installations] for any
period of time is not an alternative to a well-sited repository. Attached please find a copy of “Report of the Site
Advisory Task Force, Goodhue County Dry Cask Storage Alternate Site Project, to the Minnesota Environmental
Quality Board.” I draw your attention to §8, Task Force Conclusions, including §8.7, Alternate Sites:

“None of the 16 properties proposed as alternate sites by concerned citizens are feasible and prudent for further
consideration by the EQB. The permanency issue, public safety concerns involving transportation risks, the
uncertainty of long-term exposure to low-level radioactivity, and the apparent lack of derived benefits to the
estimated costs of construction and maintenance of an off-site facility are the primary reasons for this outcome.
Simply put, there are no risk- and cost-acceptable alternatives to on-site storage. Even on-site storage for an
undeterminable period of time is unacceptable.”

Because of the obvious difficulties in siting at Yucca, the Task Force regarded potential storage in Florence
Township and that established at Prairie Island as de facto permanent storage. The environmental, transportation,
and emergency response problems cited in this report were applicable to Florence Township, Prairie Island, and they
are applicable to Yucca Mountain. The risks of long-term nuclear waste storage are unknowable, and the risks of
catastrophic error are too great to go forward.

Response
Many commenters expressed opposition to the Proposed Action. DOE recognizes both opposition to and support for

the proposed Yucca Mountain Repository and the associated analyses in the EIS. Chapter 1 of the EIS describes the
need for the repository and the extensive history associated with the selection of the Yucca Mountain location.

In particular, this comment is concerned that the long-term risks associated with the Proposed Action are
unknowable. DOE believes that, through the extensive scientific investigations and analyses it has and will continue
to conduct, it has determined the possible ranges of the impacts. DOE also believes that the results presented in
Chapter 5 of the EIS and the supporting information in Appendix I and the reference documents show that there is
reasonable expectation that the repository would meet the appropriate standards for human health and safety over
the long term.

7.3 (10742)

Comment - EIS002101 / 0003

Just the other day I was working with some ranchers out of Amargosa Valley that came out to help us out with our
well. They farm a thousand acres of hay. Part of their hay is organic hay that they feed the cows there. There’s
organic dairy there. They -- this one guy’s talking about he started there when I was 15 years old. Now he’s in his
60s. They turned that land into a place, you know, it was there, people used those springs for thousands and
thousands of years before, maybe millions of years before, and now they’re growing food for people there. They
just want a chance to live, you know, but you just discounted them, you throw them away, and there’s some
government officials that we hear from, too, that say they want to be compensated. Well, you can’t compensate
when you destroy a piece of this earth.
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Your twelve-mile boundary lines go right through Amargosa. Those are human people, and I work down here at the
Federal courthouse doing groundwater remediation work, and I see that, you know, we’re just people trying to get
by, trying to make a living, want to go out here and see Yucca Mountain go through because it’s going to mean a
good paycheck for the next five or ten years, but they don’t — we’re not looking at after that point.

Response
The EIS examines the potential consequences to individuals in the Amargosa Valley from both radioactive and

nonradioactive contaminants transported through air, water, soil and food pathways. Chapter 5 presents an
evaluation of the long-term environmental impacts of the proposed repository on the people of Amargosa Valley.
These evaluations demonstrate compliance with the Environmental Protection Agency environmental protection
standards. Therefore, DOE believes adverse health impacts to people in Amargosa Valley would be highly unlikely
to occur.

Figure 3-75 of Volume 3, Total System Performance Assessment of the Viability Assessment of a Repository at
Yucca Mountain (DIRS 101779-DOE 1998) illustrates the ingestion and direct exposure pathways, including dairy
and hay operations, incorporated into the biosphere analyses. Section 3.8.1.3 of the Viability Assessment describes
a 1997 survey designed to enable a representation of dietary patterns and lifestyle characteristics of residents within
the 80-kilometer (50-mile) radiological monitoring grid surrounding Yucca Mountain. It states in part that
Amargosa Valley is primarily rural agrarian, and that agriculture is mainly directed toward growing livestock feed
(for example, approximately 1,800 acres planted in alfalfa, 30 acres in oats). Table 3-25 of the Viability Assessment
specifies the consumption rates of drinking water and agricultural products estimated from the results of the survey
and used in the biosphere model. DOE has created a database of this information for addressing potential impacts to
the people of the Amargosa Valley.

7.3 (10885)

Comment - EIS001257 / 0004

There are too many unknown variables as to what effect this potential pollution problem will have on the future. [A]
good example of this is the way that plutonium at the test site has traveled one mile from its test crater. It is
inconceivable how large an area will be affected over a period of ten thousand years. This is unacceptable.

Response
The situation associated with past underground testing is very different from that of the proposed repository. The

plutonium in the repository would be immobilized in ceramic fuel or an immobilized plutonium ceramic, whereas
the plutonium at the Nevada Test Site is not. The immobilized plutonium at the repository would then be encased in
a very robust engineered container emplaced in a repository system carefully engineered to minimize mobilization
and transport. The plutonium from test detonations was forcibly ejected with a tremendous energy at extreme
temperatures, which injected the material far into the rock and caused a large region of disturbed (fractured) and
altered material.

The models used to project the movement of radionuclides through the rock of Yucca Mountain in the EIS were,
however, revised based on another finding at the Test Site. For the Final EIS, the groundwater models have been
updated to include consideration of colloidal transport similar to that found at the Test Site.

Even though the modeling now indicates a potential for more rapid movement of plutonium and several other
radionuclide species, results of the updated analysis in Chapter 5 of the EIS indicate that these effects would not be
important until more than 10,000 years after repository closure when the first significant number of waste package
failures would occur. Even so, the results show that the radionuclide species that dominate the potential doses in the
earlier tens of thousands of years are high-solubility nuclides that would not benefit from the carrying power of
association with colloidal mineral fragments (DIRS 153246-CRWMS M&O 2000).

7.3 (11075)

Comment - EIS000475 / 0017

DOE has [an] obligation to fully address the suitability of the Yucca Mountain High Level Waste Repository site.
DOE must consider long term consequences based upon best available technology and scientific knowledge. If
DOE has anticipation, based upon agency experience and expertise, that Yucca Mountain will not permanently
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isolate high-level radioactive waste from the natural and human environment for time periods of 100 and 10,000
years, DOE has obligation to say so in Final EIS.

Response
DOE agrees that it must consider all aspects of the suitability of the Yucca Mountain site before it submits a License

Application to the Nuclear Regulatory Commission to construct and operate the proposed repository. The
Department believes that it has used the best available scientific and engineering knowledge and technology to
arrive at the environmental impacts described in the EIS. The EIS analyses show that there is a reasonable
expectation that the repository would meet suitability and other regulatory criteria for safety during the operational
period (more than 100 years) and for as long as 10,000 years after closure.

7.3 (11273)
Comment - EIS001814 / 0008
5.1 to 5.10 Environmental Consequences of Long-Term Repository Performance

The DEIS sections that analyze long-term performance are inadequate because they fail to account for the real
possibility of a catastrophic accident due to human intrusion, volcanic activity, or seismic activity. The human
intrusion scenario is based on only one future event occurring to intrude into the site. Similarly, the possibility of
volcanic activity or significant seismic events are unaccountably minimized despite the fact that Yucca Mountain
has a history of earthquakes and the surrounding area is volcanically active. An example of the failure of the DEIS
to seriously analyze these real threats to the environment and human safety is found in the discussion of long-term
consequences. The DEIS acknowledges that “[pJotential impacts to human health in the far future from a repository
at Yucca Mountain would be dominated by impacts from radiological materials in the waterborne pathway under all
three thermal load scenarios of the Proposed Action.” 5.10. But then goes on to minimize this impact.

Response
The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and

volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term

radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

One change in the EIS is that now an aerial pathway release from an eruptive scenario is analyzed. The dose rates
reported in Chapter 5 are well below the 40 CFR Part 197 environmental protection standards.

DOE has evaluated the long-term geologic stability of Yucca Mountain, including the potential for volcanoes.
Volcanic activity has been waning in the recent geologic past and the probability of a volcano that could disturb the
repository is very low (see EIS Section 3.1.3.1). Nevertheless, DOE presents an analysis of the effects of both a
volcanic eruption, which could release volcanic ash and entrained wastes into the atmosphere, and the intrusion of
magma into emplacement drifts, which could damage waste packages and contaminate the underlying aquifer. DOE
estimated potential impacts on the nearest population to the south, conservatively assuming wind in that direction.
Impacts in White Pine County would be a small fraction of nearby impacts such as those calculated. Sensitivity
studies in the Total System Performance Assessment (DIRS 153246-CRWMS M&O 2000) suggest that the
probability-adjusted dose from a volcanic, eruptive event at 20 kilometers (12 miles) in the direction of wind
transport of an ash plume peaks at a few hundredths of a millirem per year. Because of radioactive decay in the
repository there is a very low dose risk at 10,000 years. Therefore, given that White Pine County is considerably
farther from the source, there is a negligible risk for dose from volcanism at Yucca Mountain.

DOE continues to include water pathways in its analyses of health risks of the proposed repository. The people of
Amargosa Valley are most at risk because groundwater in the saturated zone beneath Yucca Mountain flows in a
generally southerly direction into Amargosa Valley. They use water acquired primarily from local wells for
household purposes, agriculture, dairy and catfish farms, horticulture, and animal husbandry.

Human intrusion into the repository is an issue because the future behavior of humans cannot be predicted. The
Nuclear Regulatory Commission and Environmental Protection Agency have specified the way to analyze human
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intrusion in their regulations for Yucca Mountain. The regulations describe a stylized calculation that attempts to
minimize the speculation as to why humans would intrude into the repository.

With regard to evaluating a single intrusion event, the National Research Council (DIRS 100018-1995) concluded
that one borehole was a good test of system resiliency, and going further was so speculative that it served no purpose
useful in judging the robustness of a system. The National Research Council also recommended the assumption of
the use of current drilling technology to avoid speculation over future advances in drilling technology. The
emphasis was recommended to be on the analysis of the creation of enhanced pathways for radionuclide transport
from the repository to the saturated zone.

For the Draft EIS, DOE assumed the intrusion event to occur 10,000 years after closure of the repository. The
Department chose this time because it is the earliest that waste packages (under the Draft EIS design) probably
would have degraded to the extent necessary to allow penetration without the use of specialized drill bits. However,
for the Final EIS, DOE assumed the intrusion event would occur at 30,000 years to simulate an intrusion at a time
when the intruder might not detect the waste package because of its weakened state. Over time, as more waste
packages failed (and potential doses rose toward a peak dose from the overall system), intrusion would become less,
not more, meaningful because the more waste packages that fail, the less the additional waste package failure from
drilling would contribute to the overall risk.

Section 5.7.1 of the Final EIS discusses the human intrusion scenario analysis and results.

7.3 (11560)

Comment - EIS002258 / 0004

An adequate discussion is not provided in the Draft EIS relative to whether the proposed repository containments are
safe from the occurrence of seismic disturbances; for example, earthquakes are common to this area. The park
service is concerned that this possibility alone may lead to a potential release of radionuclides into the environment,
specifically the regional underground water system that underlies the proposed repository and downgrading springs,
specifically those which discharge within the park.

Response
The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and

volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term

radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

As discussed in Section 5.2.3.5 of the Draft EIS, the major effect of an earthquake at Yucca Mountain would be
ground motion (shaking) rather than direct offset along a fault. The Disruptive Events Process Model Report
(DIRS 151968-CRWMS M&O 2000) discusses the effect of offset along a fault. Past movement has been along
existing faults, and the probability of new faults forming is low. DOE would not emplace waste packages near
existing faults, so the probability of shearing a waste package would be very low.

The rockfall analysis discussed in the Waste Package Degradation Process Model Report (DIRS 138396-CRWMS
M&O 2000) that supports the Total System Performance Assessment (DIRS 151968-CRWMS M&O 2000) and the
Final EIS is much more detailed than that in the Draft EIS. DOE based the analysis of the probability of rocks of
various sizes falling and damaging waste packages on the rock properties in the repository. Analyses of this new
design (DIRS 114171-CRWMS M&O 1999), which includes a drip shield, show that the waste package could
withstand the largest potential rockfall. Adding strong drip shields above the waste packages provides a very robust
design that would be able to withstand any credible rockfall. This would hold true as long as most waste packages
and drip shields retained their initial strength. Results for undisturbed degradation show that nearly all packages
would be at design integrity for well over the compliance period of 10,000 years; in fact, this would be true for well
over 50,000 years. Therefore, the effects of rockfall are not part of the long-term performance analysis calculations
for the Final EIS—since this model was originally developed for the compliance period of 10,000 years prescribed
in 40 CFR Part 197. In the case of long term peak doses which occur at 500,000 years there may be some seismic
effects not accounted for since most packages have been breached by that time. No analysis is available at this time
to determine how much the peak doses might be affected.
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DOE’s analyses also continue to include water pathways in its analyses of health risks of the proposed repository.
The people of Amargosa Valley are most at risk because groundwater in the saturated zone beneath Yucca Mountain
flows in a generally southerly direction that then turns to the west into Amargosa Valley. They use water acquired
primarily from local wells for household purposes, agriculture, dairy and catfish farms, horticulture, and animal
husbandry.

With respect to potential impacts on Death Valley, the DOE acknowledged in Chapter 3 of the EIS that a small
amount of groundwater may move beyond the primary groundwater discharge point at Alkali Flat (Franklin Lake
Playa) to discharge in the Furnace Creek area of Death Valley. However, even if this were the case, any impacts on
the Furnace Creek area would be even less than the low impacts shown in Chapter 5 of the EIS for the discharge
location (Franklin Lake Playa) because the impacts decline with distance from the repository.

7.3 (11561)

Comment - EIS002258 / 0005

The park service believes the Draft EIS inadequately assesses possible climatic changes over the next 10,000 years.
Increase in precipitation could conceivably result in the transport of radionuclides from the repository to the water
table.

Response
The Draft EIS included an evaluation of climate change and its effects on long-term performance. These effects

included increased infiltration, increased flux at depth, increased radioactive material transport at depth after waste
package failure, and a shortened path to the water table because of changes in water table elevation.

The Draft EIS performance assessment considered three climate scenarios: present day, long-term average (wetter
than the present-day climate), and superpluvial (Section 1.4.2.4). These scenarios were assumed to occur at short-
duration, fixed intervals on a periodic basis during the 100,000-year period after waste emplacement. However, the
modeling of climate states was changed for the Final EIS based on the latest research of the U.S. Geological Survey
and the Desert Research Institute. As a consequence of this work, pluvial states were expanded to allow short-
duration states within them resembling the previously modeled superpluvial states. Superpluvial states are no longer
included as separate states based on the results of this continued research.

Models of future climates caused by global warming from increased atmospheric carbon dioxide are speculative,
though they are supported by some global climate modeling and the general increase in global temperature noted in
the past century. At Yucca Mountain the estimated effect of global warming would increase average precipitation to
a level similar to the long-term average climate of the Draft EIS, which resembles the glacial-transition climate in
the Final EIS. This estimate, which is based on atmospheric model input, resembles near-continuous El Nifio
conditions and the near doubling of the precipitation that accompanies these conditions. In other words, DOE
considers global warming impacts on future climates to be within the bounds of predicted climate ranges used in the
assessment of long-term performance. Chapter 5 of the Final EIS incorporates such climate impacts in the estimates
of the environmental consequences of long-term repository performance. These impacts include the effects of
global warming and future climate change in general.

Extreme precipitation events are mentioned in Section 3.1.2.2, but would not greatly influence the infiltration rates
discussed and used for modeling purposes in Chapter 5 and Appendix I because the subsurface tends to “damp”
extreme events (particularly in the Paintbrush nonwelded stratigraphic unit) to produce a nearly uniform infiltration
rate with time at depth. If anything, extreme precipitation events are more closely associated with surface runoff
events. Locality-based infiltration rates were used (not whole-mountain averages) to derive infiltration rates for
repository zones modeled in the performance analysis. The approach to discretizing (dividing the repository into
discrete zones) the repository for performance analysis calculations, and the areal infiltration rate applicable to each
modeled zone, has been updated for the calculation results reported in the Final EIS (Section 5.4).

7.3 (11610)
Comment - EIS000113 / 0004
Now is DOT allowed to kill Death Valley monument?
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Response
DOE assumes the commenter intended to say “DOE” rather than “DOT.” Section 5.3 of the EIS discusses potential

locations of long-term impacts from the repository. This section states that the general path of water that infiltrates
through Yucca Mountain is south toward Amargosa Desert and into and through the area around Death Valley
Junction. Natural discharge of groundwater from beneath Yucca Mountain probably occurs farther south at Franklin
Lake Playa, and spring discharge in Death Valley is a possibility. As listed in Table 5-8, the mean peak annual dose
to a reasonably maximally exposed individual at the expected discharge location would be about 59 millirem, a very
small dose compared to the background. Therefore, doses to reasonably maximally exposed individuals at
unexpected discharge points in Death Valley would be even smaller. There is no evidence in the analyses available
to DOE that would suggest significant impacts would occur to the Death Valley National Monument. DOE believes
that the EIS provides sufficient information on possible impacts to Death Valley National Monument to support
current decisionmaking.

7.3 (11829)

Comment - EIS001653 /0113

5.6 DOE needs to provide a table in Chapter 5 which describes basic assumptions and key performance attributes of
the repository system.

Response
DOE agrees with this comment and has included such a table (Table 5-4) as part of Section 5.2.3 in the EIS that is a

cross-reference to detailed tables of key assumptions and associated performance-affecting attributes of the
repository system. The tables of assumptions and attributes are extremely voluminous and are of an inappropriate
level of detail for EIS. The tables can be reviewed in readily available public documents listed in Table 5-4.

7.3 (12037)

Comment - EIS000540 / 0009

Concerned that the DOE Yucca Mountain Safety Strategy allows for radioactive contamination of groundwater,
relying on dilution of the waste to limit the radiation dose to nearby residents"'” who use the water for drinking,
growing crops, and livestock, and for raising cows on the largest dairy in Nevada to supply the Los Angeles
commercial milk market.

19US Department of Energy. Repository Safety Strategy: U.S. Department of Energy’s Strategy to Protect Public
Health and Safety after Closure of a Yucca Mountain Repository. Office of Civilian Radioactive Waste
Management, Las Vegas, Nevada, December 1998.

Response
The Environmental Protection Agency (EPA), in promulgating the Yucca Mountain environmental protection

standards (see 40 CFR Part 197), recognized that, with the current state of technology, it is impossible to provide a
reasonable expectation that there would be “zero” releases over 10,000 years or longer. Therefore, the EPA
established standards that it believes provides comparable protections to those of other activities related to
radioactive and nonradioactive wastes. These standards do not require complete isolation of the wastes over the
compliance period (that is 10,000 years) or the period of geologic stability (1 million years). The goal of a
performance assessment for Yucca Mountain is to evaluate whether the repository would be likely to meet these
standards. The goal of this EIS is to describe the methods and results of that evaluation.

The performance assessments discussed in the Draft EIS and the Final EIS do not begin with the assumption that the
repository would leak. Rather, the performance assessment assigns probability-of-occurrence values (referred to as
probability distributions) to various parameter and process features that consider the uncertainty associated with a
particular parameter or process. When multiple simulations of repository performance (realizations) are computed,
the results indicate which of the various outcomes is more likely to occur (mean values). However, in addition to
the most likely outcome, the distributions also show extreme cases (referred to as the Sth and 95th percentile values)
that provide a measure of the uncertainty associated with a particular outcome. Although not likely, a number of
realizations produced no leakage for extremely long times. The updated analysis in the Final EIS projects that the
Proposed Action would likely result in extremely small releases of radioactive contamination to the environment in
the first 10,000 years after repository closure (more than 100,000 times less than the individual protection standard
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set by 40 CFR Part 197) and would be due to the very unlikely event of between zero and five packages failing due
to manufacturing defects.

With regard to the use of dilution factors, DOE does not believe that dilution, in and of itself, is an acceptable
method to meet environmental protection standards. However, the EPA has specified the location of the reasonably
maximally exposed individual for compliance purposes (40 CFR 197.21), and DOE has used the best available
information and generally accepted methods, which include credit for dilution, to estimate potential impacts to this
hypothetically exposed individual.

With regard to potential milk contamination, the analysis in the Final EIS projects that the Proposed Action probably
would result in extremely small releases of radioactive contamination to the environment in the first 10,000 years
after repository closure. These estimated releases would result in an annual dose to the reasonably maximally
exposed individual of less than 0.0001 millirem, including milk pathways, which is more than 100,000 times less
than the individual protection standard set by 40 CFR Part 197.

The EPA also requires a calculation of peak dose (40 CFR 197.30) within the period of geologic stability (1 million
years). The EPA requires that DOE include these results and their bases in the EIS as an indicator of long-term
performance. This analysis also serves as another source of information for the decisionmakers in making both
design and licensing decisions. However, the EPA has recognized the inherent uncertainties associated with these
long-term projections and has, therefore, not applied a regulatory standard to the results. Although the analysis in
the Final EIS predicts small releases within the 1-million-year period, because of the large uncertainties associated
with this prediction, DOE believes that population impacts (for example, those resulting from consumption of
contaminated milk) resulting from these releases would be speculative and, therefore, has not included them in the
EIS.

7.3 (12071)

Comment - EIS001912 /0119

Pg. 4-1 Preconstruction Performance confirmation period. How can DOE suggest that performance confirmation
will determine with reasonable assurance that the repository would meet performance objectives. Does DOE have a
reasonable assurance now? If not why not? Will DOE have a contingency plan in the event that preconstruction
performance confirmation activities have negative results? Because DOE cannot guarantee the repository will
actually provide containment and that an extended period of performance confirmation will continue, the EIS needs
to describe as part of the preferred alternative contingency actions.

Response
The EIS statement about “reasonable assurance” refers not just to the preconstruction period but to confirmation

activities that would continue until repository closure. Their purpose would be to continue to build confidence in the
system before closure. The information would provide additional assurance for the development of license
amendments to proceed with closure sometime after 2110. The decision to close the repository would be very
critical and would require the most advanced knowledge available.

The regulations applicable to the proposed Yucca Mountain Repository [see 10 CFR 63.101(a)(2) and 40 CFR
197.14, and 197.20] acknowledge there would be uncertainties, and they require no absolute proof of future
performance, but instead require there to be “reasonable expectation” of compliance with safety standards. The
challenge to DOE is to show compliance with the regulations while at the same time fully disclosing the
uncertainties. The type of assurance needed now must support a decision to proceed to licensing and construction.
DOE has to be confident enough in the projected system performance to justify the commitment of resources to this
project. The projected range of performance based on current uncertainties must show that the system would likely
meet the public health and safety standards set by the Environmental Protection Agency. This EIS is one of a
number of documents that will provide input to the determination of whether to proceed with the proposed
repository. Additional decision points would occur in the future.

The Proposed Action includes a lengthy program of monitoring, testing, and performance confirmation. This
program would continue for perhaps as long as 300 years, through closure of the repository (see Section 2.1.2 of the
EIS). It would give future decisionmakers the option to take corrective action if information developed during
preclosure or as a result of monitoring, testing, and performance confirmation indicated the need for such actions.
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This program would also provide information to support making societal choices on closing the repository or
retrieving the wastes.

The details of the postclosure monitoring program would be further defined during the processing of the license
amendment for permanent closure, but the types of monitoring that DOE would consider are discussed in Section
2.1.2 of the EIS. Deferring a description of this program until the closure period would enable the identification of
appropriate technology, including technology that could become available in the future.

The EIS uses the best available data and analysis techniques to provide estimates of possible impacts. Therefore,
testing and monitoring activities and action plans are part of ongoing studies and other documentation that could
support licensing and other decisions at various stages of the project. A proposal to close the repository in the next
century probably would be supported by a series of comprehensive documents and the experience gained during
operations and developed with analytical techniques advanced beyond those in current use.

7.3 (12199)
Comment - EIS001888 / 0436
[Clark County summary of comments it has received from the public.]

Examples cited by other commenters were the potential for humans and the environment to be affected by transport
of contaminated groundwater (Death Valley National Park, contamination of regional aquifer), and changes in the
vadose zone from the high thermal load alternative. Some commenters questioned whether the EIS could provide
information after failure of the waste packages such as mixing of various metals, minerals, isotopes, water, and heat.
One commenter requested that a “maximum credible scenario” should be developed for releases from the repository.

Response
As described in Section 3.1.4.2 of the EIS, DOE has conducted an extensive program to characterize the direction

and nature of groundwater flow from the Yucca Mountain site. The general path of water that percolates through
Yucca Mountain is southward toward the Town of Amargosa Valley, then beneath the area around Death Valley
Junction in the southern Amargosa Desert. The groundwater beneath Yucca Mountain merges and mixes with
groundwater beneath Fortymile Wash. This groundwater then flows toward, and mixes with, the large groundwater
reservoir in the Amargosa Desert. The natural discharge point of this groundwater occurs farther south in Franklin
Lake Playa, an area of extensive evapotranspiration, although a minor volume may flow south toward Tecopa into
the southern Death Valley area. A fraction of the groundwater may flow through fractures in the relatively
impermeable Precambrian rocks at the southeastern end of the Funeral Mountains toward springs in the Furnace
Creek area of Death Valley. Potentiometric data indicate that a divide could exist in the Funeral Mountains between
Amargosa Desert and Death Valley. This divide would limit discharge from the shallow flow system, but would not
necessarily affect the flow from the deeper carbonate aquifer that may contribute discharge to springs in the Furnace
Creek area (DIRS 100465-Luckey et al. 1996). Potential Furnace Creek area impacts would be less than the low
impacts described in Chapter 5 for Franklin Lake Playa because impacts would decline with distance from the
repository.

The long-term performance analysis calculations included changes to the unsaturated (or vadose) zone resulting
from the thermal pulse under each of the three thermal loads. Waste package degradation following failure is the
subject of detailed process-level modeling, the results of which DOE reported in Chapter 5 of the EIS.

With the regard to the suggestion of a “maximum credible scenario,” the EIS presents the long-term performance
results in probabilistic terms — mean and 95th-percentile results. This statistical spread reflects the range of possible
behavior DOE believes is credible for the repository system based on wide ranges of parameters. As such, the
“worst case” is contained within the results. The worst case could be realized as the results approached at the 100th
percentile.

7.3 (12310)

Comment - 010321 /0001

Number one, the first comment is the heavy metals. I don’t believe that we have accurate --that nickel will not be
released to the environment, particularly when I read both documents -- the Supplement and the engineering science
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report Yucca Mountain Science and Engineering Report: Technical Information Supporting Site Recommendation
Consideration.

I could not find any relation to zeolite absorption. And the question to come, what will happen which will make
way first, the heavy metals or the radionuclides. Specifically what’s happening is that hard water usually has an
affect of absorption of nickel. I’l1 give an example.

Like in pure water nickel is absorbed about 58 percent, and hard water it’s only 50 percent, so there is a question,
which leads me to another conclusion that the rate of release which will come through the environment in the
biosphere is not accurate.

Another point which I have not seen adequate response is the issue of complex mixtures. There was a question, how
are we going to calculate the risk? The President, the Secretary of DOE, officials always say, we’re going to use the
best science. At this point in time nobody can tell me what is the real risk, because I can cite from the literature
professional organization EPA [Environmental Protection Agency] guidelines which address the issue of complex
mixtures and others very clear. There is over about 3,000 references which show interactions to various degrees
between heavy metals, carcinogen and noncarcinogens and irradiation.

There is even a mathematical model which has been developed by Dr. Suzuki (phonetic) in Japan and never been
implemented. I’m asking rhetorical questions why Yucca Mountain does not use the basic developed technology to
describe and to predict the risk, because the current methods are incomplete. Specifically I’'m talking about
physiological and pharmacokinetic testing, which can take into account metabolism, distribution, extrusion, and
being used and advocated by EPA to study complex mixtures.

It’s advocated by the EPA, and I’m just puzzled why neither EPA or NRC [Nuclear Regulatory Commission] are
looking, and specifically when an NRC official said we separated radionuclides from toxic chemicals. In the same
document he forget to mention the recent recommendation for studies.

In my professional opinion unless all those studies would be completed, you should put a halt on Yucca Mountain
because there are very serious uncertainties. You cannot predict the rate what so happened to the population. I can
give an example.

For instance, if you take nickel, carcinogen is enhanced in the presence of chromium hexavalent. This is just an
example, or I can give you references. When you irradiate nickel, the embryo tissue culture, nickel x-ray or UV,
you get an increase in chromosome aberration, inhibition of repair of the DNA and subsequent genetic toxicity,
which can increase the rate of carcinicity, and there is no doubt about it.

I am going to give all this information to Abe Van Luik, my friend, who will continue to argue. And I will
challenge them, because when it comes to science you have to use to best science.

Response
The EIS presents the risks of exposure to ionizing radiation and hazardous chemicals separately, where the potential

for these exposures could exist. A good scientific foundation for adding the risks of exposure to radiation and
chemicals does not currently exist, even if target tissues were the same, because exposure pathways and cellular and
molecular mechanisms of cancer induction could differ. The low levels of exposure to radiation and hazardous
substances likely to occur from repository operations (Section 4.1) and long-term performance (Sections 5.4, 5.5,
and 5.6) would be such that there would likely be no impacts, even though the linear, no-threshold application of
risk factors generates fractional impact estimates, such as fractional latent cancer fatalities. Section F.1 contains
more information.
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7.3 (12317)
Comment - 010242 / 0028
Page 3-19: Section 3.2 - Long-Term Impacts

The Supplement has not, but should consider the impact of the long-term release to the environment of hazardous
metals, other than radionuclides, from the repository’s engineered components, as was done for the design scenarios
in the DEIS.

Response
Section 3.1.12.2 of the Supplement to the Draft EIS mentions that the impacts from the release of hazardous

materials would be small. This is further detailed in the Final EIS in Sections 5.6 and 1.6. Bounding-case analysis
indicates that the concentrations of these materials would be well below regulatory limits in water down-gradient
from the repository.

7.3 (12382)
Comment - EIS001888 / 0438
[Clark County summary of comments it has received from the public.]

Commenters requested that the EIS consider the impacts of releases from the repository at the “population level.”
The EIS should report all dose response models and label each as to whether they are only fatal cancer models or
include other health effects. Radon and other gaseous emissions via fracture pathways should also be evaluated. The
long-term effects of heat on the ecosystem; and in turn how an altered ecosystem may effect waste isolation, should
be analyzed in the EIS. Releases from the repository to the regional groundwater system (specifically Death Valley,
Pahrump Valley aquifer, Ash Meadow area), based on a regional aquifer Characterization program, must be
considered.

Response
Chapters 4, 5, and 6 of this EIS describe potential population doses to the public for the preclosure activities,

postclosure performance, and transportation, respectively, including occupational doses to worker populations for
preclosure activities and transportation. The human health impacts primer (Section F.1) describes how radiological
doses from exposure to low or chronic levels of radiation convert to health effects. Section F.1.1.5 discusses
potential health effects from low-level radiation exposure and their related importance.

In the system model of the proposed repository, gaseous radionuclides, such as radon-222 (which has a half-life of
3.8 days and is a progeny of radium-226) and carbon-14 (half-life of 5,730 years) are considered to be released as
waste packages and cladding fails. The atmospheric transport of these gases to the local population is evaluated in
Chapter 5.

Section 5.9 of the EIS describes potential local environmental consequences of the closed repository on the
ecosystems in the vicinity of Yucca Mountain as a result of heating of the ground surface and of waste migration
through groundwater to discharge points. The impacts of temperature increases, radiation exposures, and changes in
surface soils and habitat on plants and animals are evaluated. Special attention is given to estimated increases in
surface soil temperature that could affect the gender of hatchlings of the desert tortoise — the only species in the
repository land withdrawal area that is listed as threatened under the Endangered Species Act.

EIS Section 3.1.4.2 describes the status of the understanding of the regional groundwater flow, based on an
understanding of the saturated zone groundwater flow system updated by DOE and Nye County work.

7.3 (12435)

Comment - EIS000426 / 0004

Another problem with this project is the information provided or shall I say not provided. In your environmental
impact statement you failed to provide some important information on the surrounding areas of Yucca Mountain.
Last time I checked an environmental impact statement, it is supposed to include all potential effects of the
designated area for the site. If this is true then why did you fail to mention the impact the Yucca Mountain Site will
have on the nearby dairy farm? The milk products coming from this farm, if contaminated, will not only effect the
people of that area but also all the people who receive their milk from that region.
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Response
The Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998) and the biosphere pathways

model used for the long-term performance assessment in the EIS explicitly include dairy farms and milk products in
the food chain and potential exposure pathways. In addition, the Yucca Mountain Site Characterization Project and
the DOE Nevada Operations Office have conducted environmental surveys to establish baseline concentrations of
radionuclides in milk produced in the region.

Figure 3-75 of Volume 3 of the Viability Assessment (DIRS 101779-DOE 1998) shows the ingestion, inhalation,
and direct exposure pathways, including dairy operations, incorporated in the biosphere analyses. Section 3.8.1.3 of
that document describes a 1997 survey designed to permit an accurate representation of dietary patterns and lifestyle
characteristics of residents within the 80-kilometer (50-mile) radiological monitoring grid surrounding Yucca
Mountain. It states: “Commercial agriculture in the Amargosa Valley farming triangle area includes a relatively
large dairy that operates with approximately 4,500 milk cows and employs approximately 50 people.” Table 3-25 of
the Viability Assessment lists the consumption rates of drinking water and agricultural products, including milk,
estimated from the results of the survey and used in the biosphere model. Thus, there is a defensible and traceable
basis for addressing potential impacts of contaminated milk products.

The results and interpretation of the biosphere modeling in Section 3.8.3 of the Viability Assessment (DIRS 101779-
DOE 1998) indicate that exposure pathways involving drinking water and leafy vegetables are more important than
those involving milk.

7.3 (12438)

Comment - EIS001886 / 0003

IEER [Institute for Energy and Environmental Research] applauds and appreciates the fact the DOE evaluated peak
doses for up to 1 million years and did not restrict itself to the arbitrary time limit of 10,000 years in the draft EPA
[Environmental Protection Agency] Yucca Mountain standard. The 10,000 year limit has been rejected more than
once by the National Research Council and by many others, including IEER. This feature of the EIS should be
maintained.

Response
DOE appreciates the encouragement to continue to address peak dose in its calculations. The Department has done

so in the Final EIS, and will continue to evaluate peak dose hereafter as a means to better understand long-term
performance of and to improve the design of the proposed repository. However, DOE also agrees with the
Environmental Protection Agency that, because of the large uncertainties, these estimates should not be used to
assess compliance with environmental protection standards.

7.3 (12439)

Comment - EIS001888 / 0093

DOE’s selection of values for performance parameters was often based on limited data or recommendations from
expert elicitations that were conducted in lieu of data. In some cases, such as waste package wall material corrosion
rates (discussed in Attachment [to this comment document] B), the base-case expected values used may not
adequately represent the potential for radionuclide release and transport.

DOE often selected features for TSPA-VA [Total System Performance Assessment-Viability Assessment] models

that would produce high values for radionuclide release and transport. For example, it was assumed that the entire

surface of the waste package is wetted when dripped on, that all seepage that contacts a package enters the package
when the wall is penetrated, and that all of the waste form is exposed in a fuel rod with breached cladding.

Some performance factors that could contribute to repository system performance, such as in-package dilution, were
omitted from the TSPA-VA codes because the basis for characterizing performance parameter values was uncertain.

A key feature of the models and computer codes used for the TSPA-V A analyses was uncoupling of thermal,
hydrologic, chemical and mechanical phenomena that are known to be coupled. Coupled effects may be important
to performance of a repository with the temperature and heat-load characteristics assumed for the TSPA-VA
analyses, but the characteristics of coupling and their effects, and the effect of model uncoupling on the reliability of
the TSPA-VA results, are uncertain.
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Response
Since the publication of the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998) and

the Draft EIS, DOE has minimized reliance on expert elicitation and has developed many new models. The waste
package degradation model for the Final EIS is based primarily on experimental data, which indicate likely waste
package lifetimes of more than 10,000 years.

As noted in the comment, the Viability Assessment and the Draft EIS did not analyze coupled thermal, hydrologic,
chemical, and mechanical processes, but stopped with thermal and hydrologic coupling only. The analyses for the
Final EIS, as documented in the Near Field Environment Process Model Report (DIRS 153363-CRWMS M&O
2000) evaluate thermal, hydrologic, and chemical coupling and thermal, hydrologic, and mechanical coupling. The
effects would be small. DOE used the chemical effects directly in the Total System Performance Assessment
model. It did not use the mechanical effects because they would have negligible effects on system performance.

The comment also notes that many of the models are conservative and that they neglect many beneficial processes.
DOE intentionally incorporates such conservatisms into its analyses to ensure that impacts are not underestimated.
This should provide confidence that the repository would protect public health and safety and would be able to
comply with regulations, and that actual repository performance would be much better than the calculations of the
long-term performance analysis in the EIS.

7.3 (12440)

Comment - EIS001923 / 0002

This document which, at first glance, looks like a document that is the work of unbiased authors. Upon reading this
document one very quickly comes to the conclusion that the authors purposely have attempted to confuse the public.
The DOE over the past year has attempted to convince the readers and anyone who would listen that the proper way
to determine the suitability of this project was the “Total Systems Performance Assessment” [TSPA]. The EIS in
Volume 1 presents data that shows that in the eyes of the DOE the project is viable. On page 1-19 volume 1 DOE
states that the TSPA is based on the data available in 1998 DOE continues by stating “This EIS summarizes results
from the Viability Assessment where applicable and data analysis that continued after the completion of the
Viability Assessment.” That on the surface sounds like the results can be clearly stated for the Secretary of Energy
to easily sign off on the safety of the proposed project. The EIS is supposed to be a document that can be
understood by people outside of DOE. On page 1-19, Volume 1 the DOE refers the reader to Chapter 5. Table 5-1
on page 5-5 presents the average radionuclide inventory used for the performance assessment calculations. One can
see in this table the 1/2 lives of the material. I focus on this because DOE states that the data used in the computer
runs is not an exact match with the inventory data in Appendix A. The values vary by a factor of over 100. Now I
do not pretend to know how bad it is but when a simulation is conducted and is the basis of providing the Secretary
of Energy the technical input that insure [ensures] him that the project meets all the criteria for safety and health for
the environment and humans, I expect that analysis to be the best it can be. When the data used is off by more than
a factor of a hundred and this error occurs in a time period that will, (you notice I didn’t say can) contaminate the
earth and humans after the containers are gone. The assessment must be done with the latest data and clearly spell
out why a radiation level of greater than 11 curries [curies] per package will not impact the human race for over a
million years after the containers are gone. Would DOE bury that much material in the ground today?

Response
The inventory in Section 5.1 of the Draft and Final EISs is based on an abstraction of the actual inventory (presented

in Appendix A). Direct comparison of inventories in Section 5.1 to values in Appendix A cannot be done. The
abstracted inventory has been carefully formulated to make it representative of the repository inventory for the
purposes of the Total System Performance Assessment modeling. This is explained in detail in Section [.3. Details
of the screening analysis for radionuclides are also in Section 1.3, and other sources are referenced in Section 1.3.

7.3 (12534)

Comment - EIS001078 / 0002

I spent 25 years of my career as a government meteorologist assigned to the Nevada Test Site nuclear underground
testing program in the period from the 1960s through early 1980s. One thing that impressed me about the
underground testing program was the difficulty in assuring against ventings of nuclear materials during tests.
Despite every apparent effort at containment, there were unexpected prompt massive ventings at the time of certain
nuclear experiments that more than once literally shut down the test program for months while better containment
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procedures and models were developed to try and avoid the unexpected geological and hydrological situations and
the shortcomings in test hole backfill procedures that were felt lead [led] to these accidental releases.

The lesson from this as applied to a 10,000 year isolation problem is that mother nature and human shortcomings in
methodology will almost certainly deliver up surprises that will result in serious problems of noncontainment
sometime in the 10,000 year life of the project. Meteorological predictions have their limitations, but geological
predictions have far, far greater prediction uncertainties.

The sad thing about this 10,000 year project is that future generations, perhaps those well beyond the duration of
unpredictable civilization changes that have occurred throughout all history since the birth of Christianity, will likely
have to contend with these problems. It’s anyone’s guess as to how well these future generations, these future
political systems, future cultures, future population sizes, future densities of population near the storage facility, will
be able to cope.

Response
DOE acknowledges that it is not possible to predict with certainty what will occur hundreds or thousands of years in

the future. The National Academy of Sciences, Environmental Protection Agency (EPA), and Nuclear Regulatory
Commission (NRC) also recognize the difficulty of understanding the behavior of complex systems over long
periods. In 10 CFR Part 63, the NRC acknowledges that “proof that the geologic repository will conform with the
objective for postclosure performance are not to be had in the ordinary sense of the word because of the
uncertainties inherent in the geologic setting, biosphere and engineered barrier system. For such long-term
performance, what is required is reasonable expectation (consistent with 40 CFR Part 197).” In 40 CFR Part 197,
EPA establishes “reasonable expectation” as a test of compliance, with diminished “weight of evidence” with time.
EPA also recognizes the need for expert judgment in assigning scenario probabilities, selecting simulation models,
and assigning parameter distributions. Consistent with National Academy of Sciences observations, DOE has
designed performance assessments on a combination of mathematical modeling, natural analogs, and the possibility
of remedial action in the event of unforeseen events.

DOE confidence in the disposal techniques is based on defense-in-depth that, for example, places drip shields over
waste packages to account for uncertainties. The Department has adopted an assessment approach that explicitly
considers the spatial and temporal variability and inherent uncertainties in geologic and biological components.
DOE believes that this process results in a representative estimation of impacts and is sufficient for comparing the
relative merits of the various repository scenarios, including the preferred alternative.

DOE continues to evaluate the sufficiency of its approach to dealing with uncertainty at the process level (scientific)
as well as the system level (modeling). A task force is reviewing and outlining further work to be completed on
uncertainties before the time of License Application, should the repository be recommended as a suitable site.

As described in Chapter 1 of the EIS, Congress determined through the passage of the Nuclear Waste Policy Act of
1982 that the Federal Government has the responsibility to permanently dispose of spent nuclear fuel and high-level
radioactive waste to protect the public health and safety and the environment. The Act says that the Federal
Government needs to take precautions to ensure that these materials do not adversely affect this and future
generations. For this reason, EPA has been careful to promulgate environmental protection standards for Yucca
Mountain (40 CFR Part 197) that include repository performance criteria that would represent potential risk to future
generations no greater than those that present society would be willing to accept. Before recommending
development of the proposed repository, the Secretary of Energy must provide a reasonable expectation that the
repository would be able to meet these standards.

7.3 (12544)

Comment - EIS001287 / 0002

One of our concerns with the YMP [Yucca Mountain Project] is the effect buried wastes could have over the very
long periods during which they will remain radioactive. The EIS uses two time frames of analysis. One is “short-
term” -- the next hundred years. The second is “long-term,” -- the next 10,000 years. In our fast paced society,
where short-term often means the next three months, or the next year, 10,000 years seems an absurdly long-time.
But consider the half-life of Plutonium 239, one the radioactive elements proposed to be buried in Yucca Mountain.
It has a radioactive half-life of 24,360 years. This means that after that time period, half the radioactivity remains.
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After a mere 10,000 years, the plutonium in the repository would be about 80% as dangerous as when it was first
buried. After 100,000 years, tens times longer than the “long-term” effects period analyzed in the EIS, one-sixteenth
of the radioactivity will remain. This is a quite a lot, considering that plutonium is the most deadly substance
known, with one particle lodged in a lung almost certain to result in a cancer. We find it incredible that the EIS does
not discuss the radioactive half-life of the elements to be buried at Yucca Mountain. If it had been discussed in the
EIS it would beg a question about what “long-term” really means. And the answer would be “much longer than
10,000 years.”

What will be left of America in ten thousand years? Will the U.S. Government survive? What about the State of
Nevada? Who will be here to reap the deadly harvest of the seeds to be sown in Yucca Mountain? One hundred
thousand years may seem an inconceivably long time. But at the end of that period, significant radioactivity would
continue to emit inside Yucca Mountain. With some luck it would remain contained there. Consider that in one
hundred thousand years, the North American continent is likely to drift 2.5 km or more than 1.5 miles from its
present location. I ask, with some seriousness, where will Yucca Mountain be by then? And what will happen to
the storage canisters and the still deadly nuclear waste within them? The EIS estimates the probability of volcanic
disruption at or near the repository was one in 7000. No doubt the probability over one hundred thousand years is
much greater. One hundred thousand years may seem inconceivable, but the EIS must still make some attempt to
conceive it, to examine the truly long-term consequences of the burial of this waste.

Response
DOE recognizes that some components of spent nuclear fuel and high-level radioactive waste will pose a hazard

after 10,000 years. However, as directed by Congress in the Energy Policy Act of 1992, the Environmental
Protection Agency (not DOE) is responsible for establishing the radiation protection standards for the Yucca
Mountain repository, and the Nuclear Regulatory Commission is responsible for developing criteria for licensing the
repository that are consistent with those standards.

Thus, the projections of impacts to 10,000 years (and beyond) in the Draft EIS were based on a design comprising
various engineered barriers and the natural barrier system. The projections were developed in consideration of the
proposed Environmental Protection Agency (EPA) and Nuclear Regulatory Commission rules that specified 10,000
years as the period of performance to be evaluated for licensing purposes. The Environmental Protection Agency
rule (40 CFR Part 197), which established environmental radiation protection standards for Yucca Mountain,
required that DOE demonstrate that there is a reasonable expectation of compliance with the standards specified in
the rule for 10,000 years following disposal. If the Department cannot make this demonstration, then the Nuclear
Regulatory Commission cannot issue a license pursuant to its criteria (10 CFR Part 63).

EPA also requires a calculation of peak dose (40 CFR 197.30) within the period of geologic stability which, for the
Repository, is 1 million years. EPA requires DOE to include these results and their bases in the EIS for Yucca
Mountain as an indicator of long-term disposal system performance. This analysis, which includes consideration of
disruptive events such as volcanism, also serves as another source of information for the decisionmakers in making
both design and licensing decisions. However, the EPA has recognized the inherent uncertainties associated with
these long-term projections and has, therefore, not applied a regulatory standard to the results.

As described in Chapter 1 of the EIS, Congress has determined through the passage of the NWPA, that the Federal
Government has the responsibility to permanently dispose of spent nuclear fuel and high-level radioactive waste to
protect the public health and safety and the environment. The Act goes on to require the Federal Government to
take precautions to ensure that these materials do not adversely affect this and future generations.

DOE recognizes that no containment, natural or engineered, can be guaranteed indefinitely. Rather than a goal of
“zero leakage,” which is unattainable, the repository is being designed to meet those standards for the amount and
timing of releases of radioactive materials to the environment. DOE estimates that no individual would receive
more than a few millirem (a thousandth of a rem) per year during the preclosure period (see Section 4.1 of the EIS)
or more than 0.001 millirem during the 10,000-year period after repository closure (see Section 5.4 of the EIS).

DOE also recognizes that “predicting societal change over the long-term is impossible.” As a consequence, the
Department has structured conservative assumptions and scenarios taking into account the regulatory guidance
provided by EPA and NRC, the National Academy of Science, and other scientific authorities that have provided
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review of the Total System Performance Assessment. These assumptions and scenarios attempt to reasonably
accommodate the inherent uncertainties with estimating long-term repository performance.

7.3 (12561)

Comment - 010116 / 0009

Nowhere in this report or in the EIS have I found any discussion of the corrosion caused by contact of two dissimilar
metals. Is there any possibility of a current flowing through the waste packages? A very low current could cause
big problems over periods of time. I was surprised that DOE chose 316 stainless. It’s magnetic and corrodes very
easily. Has any analysis been conducted on whether the magnetic material can develop a small current?

Response
No credit was taken for the stainless-steel sleeve, which would be only a structural reinforcement before a breach of

the Alloy-22. Until the Alloy-22 was breached, the interface would be unwetted and not exposed to oxygen.
Therefore, damage to the passive layer would be of no consequence. After the Alloy-22 became breached, corrosion
would proceed from the inside, and such things as the presence of stainless steel would be accounted for.

7.3 (12603)
Comment - EIS001957 / 0024
Section 5.7.3 Consequences from Disruptive Events, Seismic Disturbances -- In this section, it is stated that:

“The probability of earthquake occurrence in the Yucca Mountain vicinity is sufficiently high that DOE evaluated
potential effects of seismic activity on repository performance. The potential effects of seismic activity would be
vibratory ground motion in the repository, causing falling rock to damage waste packages, and a nearby event
causing changes in hydrologic properties.”

Later in the section, it is stated that:

“Most waste package failures caused by seismic activity probably would occur when the waste package outer wall
was completely corroded.... At times greater than 100,000 years after repository closure, damage from falling rocks
would be more likely because the waste packages would be corroded. ... There is less than a one- percent
probability that a falling rock would breach a waste package during the first 10,000 years after repository closure...
Over 1 million years, falling rocks could breach about 30 percent of the waste packages in the repository.”

The DOE states that waste packages are subject to corrosion. The DOE admits that the probability of seismic events
that might breach a waste package in the proposed repository is approximately 107 during the first 10,000 years, and
that after 1 million years, about 30% of the waste packages could be breached. Given that potentially harmful
radionuclides with half-lives of well over 1 million years (e.g., Neptunium 237) are to be included in these waste
packages, the draft EIS does not address the potential effects of seismic hazards on repository performance,
especially the structural integrity of the waste packages, and subsequent effects on down-gradient springs if the
packages leak. It is also suggested that the supplemental draft EIS address whether--within an accelerated
timeframe for possible radionuclide contamination due to seismic damage-necessary remediation and restoration
sciences will be refined sufficiently to respond to impacts which ensue.

Response
The EIS does contain analyses of impacts that could arise from natural catastrophic events such as earthquakes and

volcanic activity. While DOE cannot predict such events exactly, it can incorporate them statistically into the risk
analysis. Chapter 5 of the EIS contains an assessment of the probabilities and effects of such events on long-term

radionuclide release and the resultant impacts. The consideration of the combined likelihood and consequences of
such events indicates the potential risk, as reported in the EIS.

As discussed in Section 5.2.3.5 of the Draft EIS, the major effect of an earthquake at Yucca Mountain would be
ground motion (shaking) rather than direct offset along a fault. The Disruptive Events Process Model Report (DIRS
151968-CRWMS M&O 2000) discusses the effect of offset along a fault. Past movement has been along existing
faults, and the probability of new faults forming is low. DOE would not emplace waste packages near existing
faults, so the probability of shearing a waste package would be very low.
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The rockfall analysis discussed in the Waste Package Degradation Process Model Report (DIRS 138396-CRWMS
M&O 2000) that supports the Total System Performance Assessment (DIRS 151968-CRWMS M&O 2000) and the
Final EIS is much more detailed than that in the Draft EIS. DOE based the analysis of the probability of rocks of
various sizes falling and damaging waste packages on the rock properties in the repository. Analyses of this new
design (DIRS 114171-CRWMS M&O 1999), which includes a drip shield, show that the waste package could
withstand the largest potential rockfall. Adding strong drip shields above the waste packages provides a very robust
design that would be able to withstand any credible rockfall. Therefore, the effects of rockfall are not part of the
long-term performance analysis calculations for the Final EIS.

DOE’s analyses also continue to include water pathways in its analyses of health risks of the proposed repository.
The people of Amargosa Desert are most at risk because groundwater in the saturated zone beneath Yucca Mountain
flows in a generally southerly direction that then turns to the west into Amargosa Desert. They use water acquired
primarily from local wells for household purposes, agriculture, dairy and catfish farms, horticulture, and animal
husbandry.

With respect to potential impacts on Death Valley, the DOE acknowledged in Chapter 3 of the EIS that a small
amount of groundwater may move beyond the primary groundwater discharge point at Alkali Flat (Franklin Lake
Playa) to discharge in the Furnace Creek area of Death Valley. However, even if this were the case, any impacts on
the Furnace Creek area would be even less than the low impacts shown in Chapter 5 of the EIS for the discharge
location (Franklin Lake Playa) because the impacts decline with distance from the repository.

7.3 (12655)

Comment - EIS000475 / 0002

The agency is proposing to construct a facility designed to isolate High Level Radioactive Waste [HLRW] from the
human and natural environment based upon a proposed standard which would be in effect for 10,000 years. Human
history has little track record with 10,000 year construction projects. In actual fact minus interested party spin
doctoring, present day humans have little, if any, knowledge of human construction projects completed and/or
attempted 10,000 years in the past in the Nevada desert or elsewhere.

To further compound the lack of scientific coherence, the numbers don’t add! Peak doses from the disposed HLRW
are anticipated to occur some 200,000 thousand years in the future. “Acceptable” levels of radioactive releases from
the Yucca Mountain disposal facility should, according to sound science (and basic logic) be calculated to
correspond with the same time frame which scientific calculations indicate peak doses are most likely to occur--
some 200,000 thousand years into the future. 1999 or 2000 calendar year best available technology apparently is
insufficient to adequately contain the radioactivity of HLRW for 10,000 years, for 200,000 years, and for the half-
lives of Plutonium-239 (24,130 years), Technetium-99 (213,000 years), Thorium-232 (14 Billion years), Uranium-
235 (7 million years), and Uranium-238 (45 million years). However, the agency has mandate to adhere the
standards of protection currently in law rather than rewrite lower standards and “permanently” withdraw 230 square
miles of federal land to isolate a site of less than 2 square miles in actual site size.

A maximally exposed individual (MEI) who has the highest exposure within the receptor group is assumed by the
agency to be located at the point of maximum concentration of contaminants 24 hours a day, 7 days a week for the
period of operations (which is multiple generations of human lifetimes). Regulatory dose limits for individual
members of the public as applied to all other sites are currently defined by U.S. EPA [Environmental Protection
Agency] and NRC [Nuclear Regulatory Commission] regulations and DOE orders. Safe Drinking Water Act limits
(apparent exception for the Yucca Mountain Repository) 4 mrem/yr. [millirem per year] maximum dose from
drinking water. Clean Air Act sets maximum dose limit from airborne emissions at 10/mrem/yr. (apparent
exception to population and MEI surrounding Yucca Mountain). Dose limitations for all pathways combined is set
by DOE Order 5400.5 and NRC regulations 10 CFR 20 at 100 mrem/yr. (apparent exception to Yucca Mountain
MEI and surrounding population) (DOE 1999). What “sound science” serves as the basis for agency determination
in draft EIS to lower standards currently in regulations and agency order currently adopted as necessary for the
protection of the public health and safety? It appears that the agency feels mandated under Nuclear Waste Policy
Act to give the Yucca Mountain repository site its stamp of approval by lowering the current public health
protection standards, even if the agency required to side-step science and regulations to do so.
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Response
The response to this comment is divided into four related parts.

First, DOE agrees there are uncertainties about the efficacy of 10,000-year engineered structures. This EIS
discusses those uncertainties at some length (for example, Section 5.2.4 discusses uncertainties associated with
consequences of long-term repository performance). The regulations applicable to the proposed Yucca Mountain
Repository [10 CFR 63.101(a)(2) and 40 CFR 197.14 and 197.20] acknowledge there would be uncertainties and
require no absolute proof of future performance, but instead require “a reasonable expectation” of compliance with
safety standards. The challenge to DOE is to show compliance with the regulations while fully disclosing the
uncertainties.

The Environmental Protection Agency (EPA) standards for a repository at Yucca Mountain acknowledge that the
radioactive waste to be disposed in Yucca Mountain would remain dangerous and, hence, require isolation for
longer than 10,000 years. For that reason the EPA standard requires a calculation of potential peak doses, within a
million years, in this EIS (see 40 CFR 197.35). These very long-term calculations might be more uncertain than the
10,000-year calculations required for the very exacting licensing process. Thus, the EIS informs the public and
decisionmakers that going forward with this project could entail a very far future impact of the magnitude shown.

The anticipated land withdrawal area is large compared to the repository size. This allows for protection of the
repository itself, its surface transportation and other handling facilities, its waste packaging facilities, its offices, and
its transporter decontamination facilities. Denying unauthorized access to such facilities is standard and a required
practice in the nuclear industry as well as at DOE facilities. The current Nevada Test Site boundaries illustrate the
historic approach to maintaining large buffer zones between hazardous activities and the public, if the land is
available to do so. The approximately 18-kilometer (11-mile) distance prescribed by the regulators for calculating
potential doses to hypothetical recipients (the reasonably maximally exposed individual) was not based on the
proposed land withdrawal boundary, but was defined as the southern boundary of the Nevada Test Site. The
potential dose receptor location was based on estimating the likely future location of a small community of persons
and farms, given the physical setting of the potentially affected area, and the depth to water in that setting. After the
period of institutional control ceased, persons could live much closer to the Yucca Mountain Repository. But after
society loses interest in or knowledge of the repository, if that indeed ever happens, it is still unlikely that
individuals would locate their homes, and especially their farms, in an area that is steep, rugged, and more
importantly, has a very deep water table.

After closure, DOE would establish and maintain passive and active institutional controls over the repository,

as required by the Nuclear Regulatory Commission (NRC) regulations (see 10 CFR Part 63, particularly

10 CFR 63.102). However, consistent with NRC regulations [10 CFR 63.102(k)], DOE believes that active and
passive institutional controls would be expected to reduce, but not eliminate, the potential for inadvertent human
activities to cause or accelerate the release of radioactive material from the repository. Thus, DOE assumed for
purposes of analysis that institutional controls would remain effective only for 100 years after closure, after which
time human activities could intrude on the repository. This approach results in an upper estimate of the impacts
from an intrusion, because only minimal radioactive decay would have occurred by 100 years after closure.
Section 5.7.1 discusses the results of a drilling intrusion analysis.

Finally, with respect to the observation that Yucca Mountain Repository regulations are inconsistent with or
different from other regulations, it is not true that the repository system is exempted from Safe Drinking Water Act
regulatory limits or other applicable standards and requirements. These limits have been incorporated into the
performance standard developed by the EPA specifically for Yucca Mountain (40 CFR Part 197). That standard
also explains that airborne releases from the proposed Yucca Mountain Repository would not likely be significant,
therefore they are not addressed. During the operational period, however, prior to permanent closure, the system
and its facilities have to meet all currently applicable standards, regulations, and DOE orders containing radiological
release restrictions applicable to nuclear facilities. This comment refers to dose limitations of 100 millirem per year
under DOE Order 5400.5 and NRC regulations (10 CFR Part 20) and suggests there is an “apparent exception to
Yucca Mountain reasonably maximally exposed individual and surrounding population.” These requirements are
for operating facilities such as the repository prior to closure. However, the repository after closure must meet a
more stringent standard than 100 millirem per year for the first 10,000 years.
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Chapter 11 of the EIS identifies the numerous other statutory and regulatory requirements that could apply to the
Proposed Action and includes a list of the permits, licenses, and approvals that may be needed from other Federal
and State agencies.

7.3 (12700)

Comment - EIS001632 / 0022

EPA [Environmental Protection Agency] has previously discussed with DOE and NRC [Nuclear Regulatory
Commission] the calculations used to determine whether applicable radiation standards are met; determining
whether the standard is met requires DOE to project the concentration of radionuclides in the water at the point of
compliance. In order to do this, DOE must identify various scenarios for the type and quantity of waste released
over time, transport path, and the concentrations predicted for the various options for representative volumes of
ground water (e.g. 10 to 1,285 acre feet), at the various distances selected as possible points of compliance. We did
not find this data identifiable in the draft EIS and suggest that the final EIS provide a discussion of this information
and a summary table.

Response
The Draft EIS reported groundwater concentrations and then compared the results to current Safe Drinking Water

Act standards for four points of compliance: 5, 20, 30 and 80 kilometers (3, 12, 19, and 50 miles) from the
repository. It reported the concentrations for both the mean and 95th percentile of a set of 100 stochastic
realizations of the undisturbed case release scenario, which determines the type and quantity of waste released over
time. Chapter 5, Appendix I, and the Viability Assessment (DIRS 101779-DOE 1998) discuss this scenario. The
Draft EIS reported results for three thermal load scenarios for the peak occurring within 10,000 years after
repository closure.

DOE did not use the concept of representative volume in the Draft EIS because of the nature of the groundwater
model, which was the same as that used for the Viability Assessment of a Repository at Yucca Mountain (DIRS
101779-DOE 1998). This model simulates the saturated zone transport as a series of six parallel tubes that follow
the general flow of groundwater south through Amargosa Valley to the surface discharge point at Franklin Lake
Playa. These one-dimensional tubes have a concentration identified at the repository footprint (that is, all repository
footprint water flows through the tubes), a dilution factor characterizes how much dispersion would occur, and a
delay factor accounts for sorption. Thus, at the point of compliance the model assumes that groundwater is
repository footprint water with a conservative dilution factor and delay time.

Since publication of the Draft EIS, the Environmental Protection Agency (EPA) and the Nuclear Regulatory
Commission finalized their environmental protection and licensing criteria regulations (40 CFR Part 197 and

10 CFR Part 63, respectively), which provide an individual protection standard for the proposed Yucca Mountain
Repository.

For the Final EIS, DOE used the definition of the Reasonably Maximally Exposed Individual (RMEI) from
40 CFR 197.21, which defines the individual as a hypothetical person who could meet the following criteria:

(a) Has a diet and living style representative of the people who are now residing in the Town of Amargosa Valley,
Nevada. DOE must use the most accurate projections, which might be based upon surveys of the people
residing in the Town of Amargosa Valley, Nevada, to determine their current diets and living styles and use the
mean values in the assessments conducted for Sections 197.20 and 197.25.

(b) Drinks 2 liters (0.5 gallon) of water per day from wells drilled into the groundwater at the location where the
RMETI lives.

The location of the RMEI described in 40 CFR Part 197 would be where the predominant groundwater flow path
crosses the southern boundary of the Nevada Test Site which coincides with the southern boundary of the controlled
area as defined in the regulation. This point is approximately 18 kilometers (11 miles) from the proposed repository.
DOE has concluded that it is not necessary to analyze in the Final EIS a hypothetical individual at locations closer
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than approximately 18 kilometers to the repository because it is unreasonable to assume that anyone would reside in
this area, because:

e Anindividual would need to install and operate a water well in volcanic rock at more than 360 meters
(1,200 feet) deep to reach the water table at costs significantly above (and likely prohibitive) those that would
be incurred several kilometers farther south of the repository where the water tables lies less than 60 meters
(200 feet) beneath the surface through sand and gravel. and

e Locations closer than 18 kilometers (11 miles) are within the controlled area defined in the EPA standard for a
Yucca Mountain repository and therefore not in the postclosure accessible environment defined by EPA.

The updated analysis in the Final EIS estimates potential groundwater impacts reported for the compliance point
prescribed in 40 CFR Part 197 [approximately 18 kilometers (11 miles) from the proposed repository]. As part of a
comprehensive presentation of impacts, this EIS is charged with providing groundwater impacts for two other
important down gradient locations. These are 30 kilometers (19 miles), where most of the current population in the
groundwater path is located, and 60 kilometers (37 miles) where the aquifer discharges to the surface (this location
is also known as Franklin Lake Playa). This analysis indicates that for the first 10,000 years there would be only
very limited releases, attributable to a small number of early waste package failures (zero to three, and possibly as
many as five) due to waste package manufacturing defects, with very small radiological consequences (see Table
5-6). For the first 10,000 years after repository closure, the mean and 95th-percentile peak annual individual dose
would be thousands of times less than the Environmental Protection Agency standard, which allows up to
15-millirem-per-year dose rates during the first 10,000 years. The peaks would be even smaller at greater distances.

DOE has revised the definitions of the maximally exposed individual and RMEI in the Final EIS. Chapters 4, 6, and
7 now use the term “maximally exposed individual,” and Chapter 5 uses “individual.” The individual is the
“reasonably maximally exposed individual” defined in 40 CFR Part 197.

In addition, the Final EIS updated the groundwater protection analyses consistent with criteria provided at 40 CFR
197.30. The results of these analyses are provided in Tables 5-6 and 5-10 of Chapter 5 of the Final EIS and show
that both the mean and 95th percentile estimated radionuclide concentrations during the 10,000 regulatory period are
thousands of times less than the regulatory limits.

7.3 (12774)

Comment - 010116 / 0004

DOE is attempting to address the Draft EIS design. Part of the Draft EIS design is to perform subsystems. This
report eliminates the subsystem requirement and tests or simulations and instead depends totally on the total system
performance assessment. The subsystem simulations addressed specific requirements that are to be done or to be
met. DOE cannot disregard these requirements unless higher authority waives them.

Response
The performance of individual subsystems has been studied extensively and reports of individual subsystem

performance are cited in Chapter 5 and Appendix I of the EIS, and in the Science and Engineering Report (DIRS
153849-DOE 2001). DOE is not aware of any statutory requirements for subsystem performance. The standard for
performance is contained in 40 CFR Part 197.

7.3 (12775)

Comment - 010116 / 0005

Section 2.6 [Page 2-6], Section 2.2.2, sixth line, relative humidity could affect the corrosion rate. By this time in the
program DOE should understand this elementary engineering problem, and not say could. I think this is the big red
herring in the whole thing. What are you talking about in corrosion rates over greater than 10,000 years?

Response
DOE agrees that the choice of words in the statement cited was not the best. Humidity is an important factor when

considering corrosion of the containment system materials. This has been accounted for in the models used to
forecast the degradation of these materials. These models are based on detailed testing. While the length of the tests
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is short and requires large extrapolations of time, the models are designed to incorporate the large uncertainties
involved.

Operation of the repository would include contingency planning for continued performance monitoring and for
possible retrieval of the waste if data indicated that the repository would not operate safely. During the period
between the decision to construct and operate the repository, through preclosure, research would continue. This
period could extend to more than 300 years. It is likely that by the time of closure there would be sufficient
information on canister integrity and other components of the repository to confidently support a decision to either
permanently close the repository or retrieve the emplaced materials. However, the results to date of research on the
performance of these materials under simulated repository conditions provide confidence that they would perform as
expected.

7.3 (12776)

Comment - 010116 / 0006

The proposal speaks of 75 years of forced air ventilation to keep the temperature within the design limit. This is
page 2-9, last paragraph of Section 2.2.2.2.2. How soon after the ceasing of the forced air due to sensing of
contaminants in the exhaust pool to the outside air will the temperature rise above the safe limits of the cask, assume
the placement to be the closest spacing? This information should be provided in the EIS, not as a backup document.
I take issue with this form of engineering variance that will cause a failure and then thus directly emit into the
atmosphere.

Response
The purpose of ventilation is not to just maintain packages within design-limit temperatures but to mitigate various

mechanisms that can potentially contribute to release of material. At no time is the design limit of the waste
package exceeded. There are substantial safety margins employed so that temperatures are maintained at extremely
low conservative levels. In developing the EIS an effort was made to keep the EIS of manageable size by not
republishing already available information but rather providing comprehensive references to other supporting
documents that are readily available. The body of such information is extremely large and is comprised of hundreds
of documents, many of which are quite lengthy.

7.3 (12904)

Comment - 010314 /0012

Is the DOE claiming that the only radioactive gaseous releases from the repository would be the naturally-occurring
radon that would emanate from the exposed rock surfaces surrounding the repository? (“Supplement,” pp. 3-3, 3-4)
What estimates has the DOE developed for the amount of radioactive fission gases that will continue to be generated
from the fuel rods and that may be released from the aging waste packages as they corrode and disintegrate -- such
as tritium, xenon, krypton, argon and perhaps other fission gases?

Response
The purpose of the Supplement to the Draft EIS, as its name implies, was to provide information that was

supplementary to the Draft EIS. That is, it added information that was new or changed from the Draft EIS. As such,
the Draft EIS and the Supplement are companion documents, and not everything in the Draft EIS was repeated in
the Supplement. Because the effects of long-term release of radioactive gases did not change significantly, no
additional analysis was included in the Supplement. Section 5.5 of the Final EIS provides an updated analysis of the
impacts of gaseous materials from the waste.

7.3 (12949)

Comment - 010249 / 0003

NEI [the Nuclear Energy Institute] understands, based on recent DOE presentations to the Nuclear Waste Technical
Review Board that DOE will be revising its analysis to postulate ‘early failures’ of waste packages due to, for
example, manufacturing defects. According to these presentations, this new analysis calculates annual doses for the
first 10,000 years to no longer be absolute zero, but something less than 0.0001 mrem [millirem] (a level we
consider to be ‘essentially zero’ since it is a million times less than natural background). NEI endorses this change
as further evidence that DOE is taking an appropriate, multiple barrier, approach to repository safety. These new
results demonstrate that Yucca Mountain’s natural systems are capable of protecting public health and safety even if
engineered systems do not perform as designed. DOE should clearly communicate in the FEIS that this new
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analysis is being added to demonstrate defense-in-depth and that it does not reflect any real decrease in confidence
regarding the performance of the repository.

Response
DOE thanks the commenter for the support and confidence for the analyses in the EIS. The inclusion of early

failures in the analysis was the result of further studies and the desire to maintain as conservative an evaluation as
possible, especially with respect to the first 10,000 years. Defense-in-depth from the inclusion of drip shields and
the presence of natural barriers is an important factor for the first 10,000 years and for many more tens of thousands
of years. However, the principal reason for the dose being very small during the first 10,000 years is primary
containment integrity (protected by the additional defense of the drip shields). The dose would be small because
there would be very few early failures. Studies of manufacturing led to the inclusion of a Poisson distribution
ranging from zero to five early failures that is sampled for each realization. Fewer than 25 percent of the
realizations showed any failures and the total failures rarely exceeded one package. Thus, the dose would be small
because the source quantity would be small. The new analysis was added to reflect more conservatively and
accurately the possibility of early defects, not to demonstrate defense-in-depth. But defense-in-depth is certainly
what limits releases to early failures in the first 10,000 years. This is clearly explained in the Final EIS.

7.3 (13135)

Comment - 010237 / 0004

The site was originally selected due to the lack of groundwater. If the new design indicates the need for drip shields
within the storage drifts it is obvious that the site is not as dry as originally thought. If new groundwater impacts
and impacts to the site by groundwater have been identified, the site should not be used.

Response
An important factor in the selection of the Yucca Mountain site for study was that a repository could be located in

unsaturated rock, far above the water table. This has never meant that there was no water infiltrating through the
unsaturated zone.

Additional information about water flow through the unsaturated zone does not disqualify the site as long as a
suitable design can be shown to meet the radiation protection standards in 40 CFR Part 197. In fact, DOE did not
incorporate the drip shields in the flexible design described in the Supplement to the Draft EIS because of new
information on water flow. Data on the water flow in the unsaturated zone has not changed substantially since DOE
issued the Draft EIS. DOE added the drip shields primarily as a second line of defense. They would be made of
different material than the waste packages, so different processes would drive their degradation. While intact, the
drip shields would protect the waste packages from falling rocks as the drifts degraded, and would protect the waste
packages from dripping water. The waste packages could be the primary engineered barriers to radionuclide
transport. Corrosion of the waste packages would be more rapid if liquid water dripped directly on them. DOE
added the drip shields primarily as an additional layer of conservatism for the licensing safety case and to
compensate for uncertainties in the corrosion rates of the waste package materials.

7.3 (13170)

Comment - 010243 /0017

One of the primary reasons for issuing the SDEIS would appear to be to evaluate the performance of a lower
temperature repository option. It is not clear to Clark County how this evaluation can be made when some of the
near field models used are not coupled and do not consider the critical temperature dependence of coupled chemical
hydrological processes and their subsequent effect on corrosion.

Response
Low-temperature performance was not a primary reason for issuing the Supplement to the Draft EIS. In fact, the

lower-temperature operating mode is not of great interest in assessing long-term performance. The period of
significant heat release would be very short compared to the lifetime of waste packages. Thus, even if the heat was
detrimental to waste packages and performance in general, it would be gone before a major amount of waste
package failures occurred and would have no real influence on long-term performance. This was shown in the Draft
and Final EISs (see Section 5.4). Sensitivity studies, which included a temperature-sensitive model of corrosion,
showed improved performance (less than half the mean peak dose reported in the Final EIS) (DIRS 155950-BSC
2001). The fact that there would be improved performance is not surprising because the n